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NOTES ON STRUCTURE AND PHYLOGENY OF EURYSIPHONATE 
CEPHALOPODS 


By 


Rousseau H. Flower 


INTRODUCTION 


Thin section investigation of siphuncle walls has brought to light hitherto 
unsuspected structures and shows that the generally accepted interpretation of 
many early Paleozoic cephalopods as holochoanitic is erroneous. On the basis 
of this new evidence, it becomes necessary to reéxamine and revise the current 
concepts of the developmental trends among the more primitive cephalopods. 
The forms dealt with in the present work are those characterized by thick con- 
necting rings, the tips of which are primitively differentiated into nonporous areas 
of fine-grained material, here termed the eyelets. The greater number of the 
genera which constitute this group are those included in the Actinoceroidea, and 
those formerly embraced in the too inclusive Endoceroidea. As Teichert (1933) 
has proposed the term Eurysiphonata to embrace these superfamilies, | have ven- 
tured to apply his name, although it has been necessary to include some other 
forms not previously considered in connection with either the actinoceroids or 
the endoceroids. 

The first of the true Eurysiphonata arte the Ellesmeroceratide, which, aside 
from their complex connecting rings, are quite generalized. These forms are 
regarded as the ancestors of four distinct lines, each with its own specializations. 
The connecting rings of the Tarphyceratide, as here restricted, are almost identi- 
cal with those of the simpler endoceroids, and a much closer relationship between 
these two groups than has hitherto been considered seems inescapable. Thin 
section investigation of endoceroids has yielded many surprises. Not only are 
the older genera apparently dominantly, and perhaps universally, ellipochoanitic ; 
but the earlier holochoanitic forms, of Chazyan age, retain connecting rings, 
clearly a heritage from their ellipochoanitic ancestors. Not until Middle Ordo- 
vician time are endoceroids found which lack rings. 

It has been necessary to remove the Baltoceratide from the Endoceroidea, 
where they have commonly been placed in the past. Their thick connecting rings 
show their eurysiphonate affinities, and this and their ellipochoanitic structure 
make it necessary to revise Kobayashi’s hypothesis of their relationship to some 
extent. 
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The Actinoceroidea are connected by Polydesmia and Bathmoceras to the 
ancestral Ellesmeroceras. Not all of the problems of the development of the 
various morphological features are solved, but it is believed that the present 
knowledge is adequate to establish this relationship. 

So different have our morphological deductions been from the currently ac- 
cepted interpretations of the structures, and the phyletic implications have been 
of such exceptional interest in view of their bearing upon the theories of relation- 
ship recently proposed by Teichert and Kobayashi, that it is felt progress will 
be best served by the publication of our observations at the present time. These 
results are far from complete. Adequate material for the study of many of the 
crucial genera by means of thin sections has been lacking. Doubtless the present 
findings give only a faint indication of the rich mine of morphological informa- 
tion which awaits a more comprehensive study along similar lines. Particularly 
important is the investigation of the endoceroids by this method, for it has been 
found that in many cases opaque sections fail to give any indication of the true 
structures. 

In erecting the phyletic scheme proposed here it has been necessary to draw 
extensively upon the works of others. No material of the ancient Plectronocera- 
tide was available. The family is thus far reported only from Manchuria, and, 
insofar as the writer is aware, is not represented by specimens in any collection 
in America. It has therefore been necessary to present a brief summary of the 
group, important as the oldest true cephalopods and the ancestors of the Eury- 
siphonata, based upon Kobayashi’s descriptions and figures. Unfortunately the 
preservation of even the best of his figured specimens is none too good, and the 
strongly retouched photographs leave some doubt as to whether Kobayashi’s mor- 
phological conclusions are altogether correct, particularly in reference to the 
pseudodiaphragms. Material of Ellesmeroceras consists of specimens from the 
Seward Peninsula of Alaska described in detail in another paper.’ For oppor- 
tunity to study this interesting material, I am indebted to Dr. Josiah Bridge of 
the U. S. Geological Survey. For information concerning Bathmoceras, it has 
been necessary to draw very largely upon Holm’s remarkably fine study of the 
genus. Bohemian material in the collection of the University of Cincinnati was 
examined, but the preservation was found to be inadequate for a similar study. 
Examination of specimens of Polydesmia in the U. S. National Museum has 
supplemented Kobayashi’s figures and descriptions. It has been necessary to re- 
ject his views both as to the holochoanitic nature of the siphuncle and the phylo- 
genetic interpretation concerning some other structures observed. 

Most of the material which furnished the thin sections of the Tarphycera- 
tides and the endoceroids is from the collection of the writer. To this is added 


1 Flower, R. H.: Early Paleozoic cephalopods from the Seward Peninsula of Alaska, Bull. 
Amer. Paleont., in press, to appear 1941. Only the results of the findings discussed there in 
detail are included in the present paper. ; 


7 EURYSIPHONATE CEPHALOPODS : FLOWER 7 


some very significant material collected by Professor G. D. Harris from the 
Beekmantown limestones of the Champlain Valley, and endoceroid material 
brought together at the New York State Museum by Dr. Rudolph Ruedemann. 

In the preparation of sections I have had the expert assistance of Miss Helen 
Duncan of the University of Cincinnati. The cost of photographic supplies and 
the expense of publication of the plates have been met by the Faber Publication 
Fund for Paleontology of the University of Cincinnati Museum. 


CLASSIFICATIONS 


There is no uniformity of opinion at the present time as to the proper classi- 
fication of the cephalopods. Hyatt’s (1900) scheme is the only one thus far pro- 
posed which attempts to place all of the genera. Subsequently Foerste, and many 
other investigators as well, described many new genera of Nautiloidea without 
assigning them to family or higher groups. Meanwhile investigation was show- 
ing that, while the long established subclasses Tetrabranchiata and Dibranchiata 
and the order Nautiloidea and Ammonoidea of the Tetrabranchiata were con- 
venient, the major divisions proposed for the Nautiloidea were far from ade- 
quate. The studies of Kobayashi, and also of Ulrich and Foerste, showed that 
holochoanitic structure was far from universal among the older cephalopods and 
was not by any means as uniform among conchs of endoceroid and piloceroid 
aspect as had generally been assumed. Other investigations showed that the 
Cyrtochoanites were a polyphyletic group and indicated that the major divisions 
of the Nautiloidea were in need of drastic revision. 

Teichert (1933) was the first to make any constructive suggestions of a re- 
visionary nature. In connection with his classic study of the Actinoceroidea, he 
proposed two major divisions of the Cephalopoda: the Eurysiphonata, to include 
the Actinoceroidea and the Endoceroidea, and the Stenosiphonata, to include all 
other cephalopods including the Dibranchiata and the Ammonoidea. The sup- 
planting of the long familiar subclasses and orders of the cephalopods may seem 
a radical step, but the proposal certainly deserves more serious attention than 
it has received from the hands of other investigators. In view of the widespread 
usage of the older subclasses and orders, Teichert’s terms are employed here as 
suborders of the Nautiloidea. The question of the rank which is to be given to 
these divisions is, however, a matter of secondary importance. The essential 
problem involved is whether there was an early split in the cephalopod line, one 
branch producing the actinoceroids and the endoceroids, the other producing all 
other nautiloids and later giving rise to the Ammonoidea and Dibranchiata. Un- 
fortunately Teichert’s exposition of his proposed classification has been rather 
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brief and has not been given a very prominent position in his papers. One might 
wish that his reasons for proposing the groups had been set forth in greater de- 
tail. The evidence presented in the following pages seems to support his conten- 
tion in the main, in that it establishes the connection between the actinoceroids 
and the endoceroids, though it does not succeed in demonstrating that other forms 
may not be related to this line. 

Schindewolf (1935) objected to the supplanting of the old subclasses and or- 
ders and opposed Teichert’s main thesis of a close relationship between the actino- 
ceroid and the endoceroid, He held that the actinoceroid was very similar to 
stenosiphonate orthochoanitic and cyrtochoanitic cephalopods in its early stages 
and very different from the endoceroid. Unfortunately the specimen upon which 
he relied for the early stages of the actinoceroid, Carbactinoceras torleyi Schinde- 
wolf, failed to show either the tip of the shell, the true tip of the siphuncle, or even 
the true apical chamber (Flower, 1940, p. 440). Schindewolf proposed a classi- 
fication which differed from Hyatt’s only in the suborders of the Nautiloidea. 
He recognizes the Nautiloidea as comprising the Endoceracea, Actinoceracea, 
Cyrtoceracea and Nautilacea, with the doubtful addition of the Gomphoceracea. 

Kobayashi (1937) also discussed the phylogeny of the nautiloids and based 
his conclusions upon the early stages of the shell. He made known for the first 
time the condition of the apical end of the actinoceroid. Curiously, he failed to 
detect Schindewolf’s error and, like him, concluded that the actinoceroids were 
related to other ellipochoanitic cephalopods. He considered the position of the 
siphuncle in the early stages the crucial feature and proposed to divide the nau- 
tiloids into the Centrosiphonata, which included all ellipochoanitic cephalopods, 
and the Ventrosiphonata, which included the endoceroids in the broad sense. He 
regarded the Actinoceroidea and the Steroplasmoceratide as divergent cyrto- 
choanitic offshoots of the Orthochoanites. In an earlier study, he proposed the 
derivation of the Orthochoanites from the endoceroid line. 

The use of early stages in classification is hampered because they are known 
for only a relatively small number of genera and species. Thus, it is uncertain 
whether the Plectronoceratide and the Ellesmeroceratidee would possess ventral 
or central siphuncles. Further, it is possible to see other features in the known 
apical ends which may be of equal or even greater significance. The writer has 
proposed that the presence or absence of an apical cecum might serve as a bet- 
ter criterion (Flower, 1940), and, on this basis, the Eurysiphonata seem to lack 
the cecum uniformly while the Stenosiphonata possess a well-developed cecum. 
But even here there are not enough data assembled to permit any very wide use of 
such features. 

A few other papers, while not proposing new classifications, are relevant 
either as revisions of restricted groups within the nautiloids or for suggestions con- 
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cerning the phylogeny. Teichert’s studies of the Actinoceroidea have already been 
mentioned. He concluded that they were not related to other cyrtochoanitic or 
annulosiphonate cephalopods, and instead grouped them with the endoceroids. 
The present work supports this view in establishing the precise connection. He 
further presented a phylogeny of the actinoceroids in which the Actinoceratide 
is regarded as the primitive radicle. The writer (1940) has suggested that the 
development of the group may be more complex if the ontogenetic stages noted 
in Actinoceras are recapitulatory in their significance. The sequence observed 
there, Polydesnua, Nybyoceras, Armenoceras and Actinoceras, runs across fam- 
ilies, but is in fairly close accordance with the stratigraphic appearance of the 
genera. Doubtless Polydesmia should be segregated into a distinct family. Ko- 
bayashi (1940) has already done this, though his basis for doing so is very ques- 
tionable. 

While the Actinoceroidea constitute one cyrtochoanitic group which is totally 
independent of the main body of the Cyrtochoanites, the Pseudorthoceratide con- 
stitute another (Flower, 1939), this time a Silurian development from orthochoan- 
itic orthoceracones. The large group of Paleozoic stenosiphonate cephalopods re- 
main for the most part without any comprehensive classification. Teichert has 
proposed a clear and logical classification of the Actinosiphonata, but this group 
contains only a relatively small number of the genera. Ulrich and Foerste re- 
ported (1933) that the Orthochoanites and Cyrtochoanites were not differenti- 
ated before the Ordovician. The writer has outlined (1941) what appear to be 
natural morphological divisions among the Lower Ordovician stenosiphonate 
nautiloids, recognizing five groups as follows: 

t. Orthochoanitic forms with cylindrical siphuncles. 

Suborthochoanitic cephalopods. 

3. Cyrtochoanitic forms of suborthochoanitic origin. 
4. Stereoplasmoceratide. 

5. Primitive cyrtochoanitic forms, the Discosoroidea. 


is) 


The origin of the suborder Mixochoanites of Hyatt (1900) is to be found in 
the suborthochoanitic cephalopods; indeed, Chazyan Mixochoanites are in 
themselves suborthochoanitic and only later depart from the pattern. Cer- 
tain difficulties presented by this classification are eliminated if the groups are 
restricted to cephalopods with thin and simple connecting rings, such as are here 
regarded as the Stenosiphonata. The Tarphyceratide are eliminated from the 
orthochoanitic cephalopods, and the Actinoceroidea from the primitive cyrto- 
choanitic cephalopods. Other difficulties, however, remain, such as the origin 
of the Discosoroidea and the problem of the relationship between the Tarphy- 
ceratide and Ordovician coiled cephalopods with cylindrical thin-walled siphun- 
cles. 
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PHYLOGENY OF THE EURYSIPHONATA 


The Eurysiphonata were originally supposed to be characterized by septal 
necks longer than those of the Stenosiphonata. This feature does not hold 
throughout, but exceptions are clearly recognizable as specializations. The Sac- 
toceratide of the Actinoceroidea have septal necks which approach the condi- 
tion found in many Stenosiphonata. Even more remarkable reduction of the 
necks is found in Eurystomites and again in Proterocameroceras, where an aneu- 
choanitic condition is attained. 

A somewhat better feature is found in the relatively thick connecting ring. 
This is absent in the primitive Plectronoceratide, which are regarded as ances- 
tral to the Eurysiphonata without belonging to it. The question of a precise 
boundary between the Stenosiphonata and the Eurysiphonata is not important, 
as it must inevitably be arbitrary if the groups are descended from a common an- 
cestor, Such a common ancestor is believed to be represented by Plectronoceras. 
The thick rings are retained in the Tarphyceratide, as here restricted. They are 
retained in the endoceroids, except where the neck is completely lost, a relative- 
ly late development and clearly a specialization, The ring is thick in the older 
Actinoceroidea, as shown by Polydesmia, where it is so thick that Kobaya- 
shi mistook it for a continuation of the septal neck. But in later forms, particu- 
larly in the Sactoceratide, the ring becomes as thin as in any stenosiphonate 
cephalopod. 

Persistent within the thick connecting rings of the Eurysiphonata is a dense 
area of calcite near the tip, which is here termed the eyelet. Though persistent 
and widespread enough that it must be primitive, it is not universal. It is lost 
under specialized conditions, notably in conjunction with the reduction of the 
neck to an aneuchoanitic condition. Reason is shown for regarding the eyelet as 
the origin of the annulosiphonate deposits of the Actinoceroidea. 

The phyletic scheme presented here is of necessity built upon several premises 
which cannot be regarded as proved. It is assumed that the Plectronoceratide 
are the ancestors of all other cephalopods. Without wishing to become involved 
in the question of the position of Volborthella and Salterella, it is safe to say that 
there is no wide agreement as to whether they are even cephalopods. Certainly 
they fail to show any close relationship to any forms discussed in the present pa- 
per. The Plectronoceratide therefore contain the oldest organisms which can be 
indisputably assigned to the ‘Cephalopoda and do not differ radically from other 
older cephalopod groups in structure. They give rise on one hand to the first of 
the Eurysiphonata, the Ellesmeroceratide, by the development of thick connect- 
ing rings, but with no other important modifications. Likewise, it is believed 
that the family must also have been the source of an ancient stenosiphonate line 
retaining thin connecting rings. I have had no material of Ozarkian or Can- 
adian age which has yielded such forms with empty siphuncles, though it would 
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appear from the brief published summary (1933) of Ulrich and Foerste that 
such forms existed prior to the Ordovician. There also may belong the ellipo- 
choanitic and sometimes aneuchoanitic Diphragmida, in which I do not include 
the piloceroid genus Clarkeoceras in which diaphragms are secondary to endo- 
cones, Certainly enough is not known at present to trace this line in pre-Ordo- 
vician time. The diversity of structure in Chazyan stenosiphonate cephalopods is, 
however, ample evidence of a very considerable period of pre-Ordovician develop- 
ment. 

The thickened connecting ring marks the initiation of the Eurysiphonata and 
appears in the Ellesmeroceratide. From the Ellesmeroceratide, are derived three 
divergent lines, and possibly a fourth, all equipped with similar siphuncle 
walls. The Tarphyceratide are specialized by coiling, but the siphuncle is small 
and remains empty. There is some specialization in wall structure, but this 
plainly occurs within the group rather than at its point of origin. The Endo- 
ceroidea proper remain dominantly straight, but the siphuncle tends to enlarge 
and is differentiated mainly by the appearance of endocones. The earliest endo- 
ceroids are ellipochoanitic, contrary to the general prevalent opinion. Holo- 
choanitic siphuncles develop relatively late, and there is as yet no good proof 
that they appeared before Ordoyician time.? The earlier holochoanitic cephalo- 
pods retain connecting rings. Such endoceroids persist until Trenton time. More 
specialized forms, of Middle and Upper Ordovician age, lose the connecting 
rings. It is apparentlty on the basis of such forms that Hyatt established the 
suborder Holochoanites. 

Within the third group, the eyelet became inflated, producing heavy deposits 
within the siphuncle. This is seen in Bathmoceras. Subsequently cyrtochoanitic 
structure appeared in Polydesmia, and later modification of the deposit pro- 
duced the typical annulosiphonate condition of the Actinoceroidea. 

This is, in brief, the conclusion which has been drawn from the evidence re- 
corded in the following pages. The evidence is still far from complete, due large- 
ly to the lack of suitable material. The most serious lack has been material to 
investigate the role of the eyelet in the actinoceroid line, and my conclusions are 
based upon inference. The retention of the eyelet in the divergent endoceroids 
and Tarphyceratide imply its presence in the ancestral Ellesmeroceratide. The 
difference in fine structure between annulosiphonate deposits and the generalized 
part of the connecting ring in higher actinoceroids requires this explanation. 


2 The only suggestion of a Canadian holochoanitie condition is found in Cassinoceras ex- 
planator. However, as it has not been possible to study the species in thin section, the evi- 
dence is hardly conclusive. The discovery of ellipochoanitie structure in Protocameroceras, 
which appears holochoanitic in opaque sections as well as in other Canadian genera, makes 
this seem even more dubious. 
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While the relationships within the Eurysiphonata seem to be fairly well estab- 
lished by the present work, there is a possibility still to be considered that within 
the group there may be the origin of one or more groups now placed with the 
Stenosiphonata. The remarkable resemblance between the Tarphyceratide as 
restricted and coiled Ordovician genera with thin connecting rings is very strik- 
ing. Plainly, there is either a relationship between the two, or else there is here 
one of the most remarkable cases of isomorphism within the Nautiloidea. In con- 
necting the annulosiphonate deposits of the actinoceroid with the eyelet of the 
Eurysiphonata a grave possibility is opened that the same may hold true for the 
annulosiphonate deposits of supposedly stenosiphonate cephalopods, and may even 
have to be extended to include actinosiphonata cephalopods. 

The present work is regarded as only preliminary and serves the purpose of 
pointing out relationships. Much further investigation is needed before a classi- 
fication, even of the Eurysiphonata, can be proposed which can hope for any 
permanence. For this reason the taxonomic nomenclature employed is extreme- 
ly conservative. Names for divisions of family or higher rank are those previous- 
ly proposed. It is felt that an attempt to reévaluate the rank of these categories 
at the present time would be premature, and they are frequently referred to non- 
committally as “groups.” Most of the groups are redefined, a procedure which has 
been necessary for clarity, because they have not infrequently been applied very 
differently in the past, and sometimes rather loosely. As a result the phylogeny 
is composed of very unequal divisions. The family Ellesmeroceratide gives rise, 
apparently through the genus Ellesmeroceras rather than more specialized genera, 
to the family Tarphyceratidé as here restricted, to the superfamily Endoceroidea, 
probably to the family Baltoceratidz, and to a last group composed of the super- 
family Actinoceroidea and the genus Bathmoceras, formerly placed in the sub- 
order Schistochoanites’. 

In view of the investigations of Ulrich and Foerste, now happily being com- 
pleted by Miller, undescribed forms of Canadian and Ozarkian age have been 
drawn upon only when absolutely necessary, though the material examined for 
this study contained a good number of such species. To illustrate a primitive 
endoceroid it has been necessary to describe and figure an undescribed Canadian 
species. For reasons given below, this species has been arbitrarily placed in 
Cameroceras, a term which has served of late more as a wastebasket than a genus. 
The true generic position cannot be ascertained until genera now described have 
been subjected to closer examination of the siphuncle wall. The one new species 
and genus described here, Memiscoceras coronense, is drawn from my long de- 
layed Chazyan study, now nearing completion. 


3 Tt should be noted that Bathmoceras, as the best known genus of the Schistochoanites, 
apparently played a major part in the erection of that suborder. It is also the type and only 
genus of Holm’s family Bathmoceratide. 
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PLECTRONOCERATIDZ 


The family Plectronoceratide is of particular significance, for not only does 
it contain in the genus Plectronoceras, the oldest form which can be assigned to 
the cephalopods with certainty, but it exhibits a plasticity of structure which is 
a common feature in primitive members of any group. The family is composed 
of cyrotoconic or rarely straight cephalopods with marginal siphuncles composed 
of short septal necks and thin fragile connecting rings which are more frequently 
destroyed than preserved. The necks vary in form and in length, passing from 
orthochoanitic to cyrtochoanitic in a single individual, and in some forms ap- 
proaching, though not attaining a holochoanitic condition. 

Plectronoceras Ulrich and Foerste, based upon Cyrtoceras cambria Walcott, 
was originally reported to be devoid of connecting rings (Ulrich and Foerste, 
1933, p- 288). Kobayashi (1935) has since observed the connecting ring within 
the genus. He reports the septa as bent rectangularly in the early stage, i. e., 
orthochoanitic, but cyrtochoanitic in the later stages. His illustration (1935, pl. 
4, fig. 3) is retouched to show the course of the septa, evidently originally very 
thin and poorly differentiated in color from the matrix, and one connecting ring 
near the adoral end of the specimen. This ring is as strongly cyrtochoanitic as 
that of an Actinoceras. 

Other genera are known from the younger Wanwanian strata of Manchuria. 
Wanwanoceras Kobayashi (1933, p. 302, pl. 4, fig. 8) was originally described 
as a breviconic ellesmeroceroid. Actually, the structure of the siphuncle wall is 
typical of the Plectronoceratidz and differs materially from that of Ellesmeroceras, 
as is shown below. Here again the siphuncle is ellipochoanitic, with the connect- 
ing rings thin and either poorly preserved or absent. The ontogenetic progression 
of Plectronoceras is here reversed, the early septal necks being cyrtochoanitic, 
the later ones orthochoanitic. Kobayashi reports the connecting ring to be 
cyrtochoanitic throughout. His illustrations fail to show it at all. 

Sinoeremoceras Kobayashi (1933, p. 272, pl. 3, figs. 2, 5) is reported as 
possessing orthochoanitic early siphuncular segments which later are modified 
to cyrtochoanitic ones. This is shown clearly in his illustrations. Further, in 
the adapical portion of the shell where the segments are cyrtochoanitic, Kobayashi 
observed dissepiments within the siphuncle. Preservation as usual is not clear, 
and the validity of these dissepiments might be questioned. However, it is pos- 
sible that Sinoeremoceras marks the beginning of the development which pro- 
duces the Diphragmide of Ulrich and Foerste (1933) where the siphuncle is 
predominately ellipochoanitic, and, in some instances, the necks are so short 
that the authors introduced the new term aneuchoanitic to describe them. 


+ The Wanwania of Manchuria, by the predominance of Ellesmeroccras, is to be corre- 
lated with the Ozarkian, though possibly only the Upper Ozarkian, as recognized in America. 
Kobayashi’s overlying ‘‘Lower Ordovician’’ is Canadian, and apparently his ‘‘ Middle 
Ordovician’’ includes the Lower Ordovician Chazyan of America. 
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Kobayashi’s illustrations of this genus are considerably retouched; evidently 
preservation here again is of a type unfavorable for photographic reproduction. 
The connecting rings are known apparently only in the adapical part of the 
specimen. In the adoral portion they are not shown. Here the septal necks be- 
come long and approach a holochoanitic condition, though failing to attain it. 

Multicameroceras Kobayashi (1933, pp. 273, 303, pl. 3, figs. I, 3) is very 
similar to Simoeremoceras in the outline of the siphuncle being strongly cyrto- 
choanitic adapically and faintly reminiscent of Polydesmia in the outline of the 
siphuncular segments. Adorally the segments of the siphuncle become ortho- 
choanitic, but details of the wall structure are obscure, and the connecting rings 
are not clearly shown. Kobayashi reports the presence of an irregular lining 
within the siphuncle which gives rise to irregular dissepiments. His unretouched 
photograph of the interior of the siphuncle resembles strongly the appearance of 
similar structures observed by the writer in Chazyan cephalopods, where they 
are known to be inorganic. Certainly the organic nature of the structures here 
also may be seriously questioned. 

Evidently the Plectronoceratidz constitute a highly plastic group insofar as 
internal structure is concerned. Without much change in internal structure it 
could have given rise to the ellipochoanitic cyrtoceracones with simple siphuncles 
of the Ozarkian and Canadian. Probably these forms in turn gave rise to the 
Stenosiphonata as known from the Ordovician onward. Certainly the steno- 
siphonate cephalopods of the Chazyan show a diversity of structure which indicates 
that the group was one which had already been developing for a considerable 
period, and it will be strange indeed if their ancestors are not found in these 
earlier strata, 

Modifications of the connecting ring in this line are required, however, to 
produce the forms here included in the Eurysiphonata, 


ELLESMEROCERATIDE 


This family was defined as follows by Kobayashi (1934, p. 376) : “Longiconic 
orthoceracone or cyrtoceracone, laterally compressed or subcircular in cross 
section ; septa and camer crowded; septal funnel invaginated ; siphuncle marginal 
and narrow; endosheaths, if present, very poorly developed near apical end, 
surface smooth or striated. 

“The family contains Ellesmeroceras Foerste, Ectenoceras Ulrich and Foerste, 
and Robsonoceras Ulrich and Foerste. Ectenoceras differs from Ellesmeroceras 
in being a cyrtoceracone; Robsonoceras from Ellesmeroceras in its cross section, 
which is circular instead of elliptical. (Range:) Basal Ordovician to Middle 


Ordovician.” 
Ulrich and Foerste (1933, p. 260) considered Ellesmeroceras and the genera 


15 EURYSIPHONATE CEPHALOPODS : FLOWER 15 


Pachendoceras and Walcottoceras, which were described as differing from 
Ellesmeroceras in external rather than internal features, as Ozarkian endoceroids. 
All of these forms have generally been assumed in the past to be holochoanitic. 
Kobayashi (1935, p. 32, text fig. 2) represents the Ellesmeroceratide as holo- 
choanitic, with the septal necks overlapping after the manner of V’aginoceras ac- 
cording to Hyatt, and as possessing diaphragms. Evidence of diaphragms in the 
family rests upon very questionable evidence, and the holochoanitic condition is 
erroneous. The Alaskan representatives of the genus discussed in a forthcoming 
paper by the present writer, show excellent reason for regarding the genus 
Ellesmeroceras as an ellipochoanitic form with thickened connecting rings ; indeed, 
the sections cannot be interpreted in any other way. 

It is not necessary to review here the evidence already given for the struc- 
tural interpretation of Ellesmeroceras, but only to emphasize the essential features 
of the genus. The siphuncle is still marginal as in the Plectronoceratide, and the 
segments are markedly oblique, sloping strongly orad on the side closest to the 
margin of the shell The connecting ring is thickened. Thus far no differentia- 
tion of structure within the ring has been observed. It is suspected that this is 
due to poor preservation rather than to actual homogeneity of composition, for 
as is shown below, similar differentiation of structure is observed in such re- 
motely related types as the earliest holochoanitic endoceroids and the Tarphy- 
ceratide, of which Ellesmeroceras, is probably the common ancestor. 

The demonstration of ellipochoanitic structure in Ellesmeroceras makes it 
seem highly probable that those genera which were described because they dif- 
fered from Ellesmeroceras in relatively superficial features of form and ornament, 
and which were supposed to be similar in internal structure, may also be ellipo- 
choanitic rather than holochoanitic. The features distinguishing the three genera 
included in the family by Kobayashi have been quoted above in his description of 
the family. Robsonoceras (Ulrich and Foerste, 1935, p. 285) which possesses 
diaphragms is probably not a member of the family but is best placed in the 
Diphragmide. Pachendoceras was described as differing from Ellesmeroceras in 
section and sutures, while }’alcottoceras differs from Ellesmeroceras mainly in 
the annulated condition of the exterior. The holochoanitic condition of all of 
these forms is extremely dubious. 


TARPHYICERATIDZE 


The genera Eurystomites and Tarphyceras possess relatively thick-walled 
siphuncles which are often preserved even in parts of the shell where the septa 
are destroyed. Hyatt considered the family Tarphyceratide as orthochoanitic. 
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Foerste subsequently expressed the opinion that it was holochoanitic. Neither is 
an adequate expression of the true condition. Orthochoanitic in a purely de- 
scriptive sense, the siphuncle walls are made up of thick connecting rings strongly 
reminiscent of those of Ellesmeroceras, also formerly considered holochoanitic, 
but show a diversity of structure within the ring which it has been possible to 
detect in the strongly recrystallized material from which we have been obliged 
to study the older genus. ; 

The septal necks are variable in length but never extend the length of a 
siphuncular segment. They may be very short as in Eurystomites, or nearly half 
the length of the segment. Their tips may be simple or forked. 

The connecting ring may consist of a single layer (fig. 1C) or of two layers, 
forming an outer and an inner zone. Differentiation between the zones may be 
very obscure (fig. 1B) or sharp (fig. 1A), a condition which is in part, at least, 
the result of replacement rather than original structure, as it may vary critically 
within parts of the same specimen. The tip of the connecting ring is commonly 
differentiated into a structure which I have here termed the eyelet. This occurs 
in the Tarphyceratide in the part of the ring which lies within the neck of the 
next adapical segment of the siphuncle. Conditions of preservation appear to 
determine whether the structure is clear cut, obscure and apparently without real 
boundaries, or absent altogether. The generalized part of the eyelet offers a 
sharp contrast in composition to the remainder of the connecting ring. In thin 
section the connecting ring is made up of coarse, clear, crystalline material, 
though generally somewhat finer grained than the calcite of the septal neck. The 
eyelet consists of dense fine-grained or amorphous, relatively opaque material, 
sometimes showing a resemblance to very fine clay, but probably representing a 
very fine-grained deposit of calcite or, more probably, aragonite. In addition, at 
the base of the eyelet, sometimes at its tip and rarely at both regions in the same 
segment, black lamellar material may be deposited which resembles very strongly 
the perispatial deposits of the Actinoceroidea, but is unlike any other structure 
observed in cephalopods (fig. 1C). 

The three species thus far examined in detail show a diversity of structure in 
which the above features are combined in different ways, which suggests that 
further investigations should be highly productive of new information. 

Eurystomites kellogi Whitfield of the Fort Cassin beds of Valcour, New York, 
shows the simplest septal necks. Those on the venter (text fig. 1A; Pl. 1, fig. 1) 
are essentially unbent, the septum terminating without bending at all apicad. On 
the dorsal side a bend occurs so that the septa slope there as much as they do 
upon approaching the siphuncle wall ventrally. Differentiation between the inner 
and outer zone of the connecting ring varies from segment to segment. The ones 
illustrated in my plates are believed to represent the least altered condition. The 
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segment shown in the middle of the figure shows no clear differentiation of two 
layers; instead a thin outer layer and a slightly thicker inner layer both of clear 
calcite are separated by a broader grayer band. Differentiation is not strong. 


Fig. 1—Strueture ef the siphuncle wall in the Tarphyceratide. A. Siphuncle wall of 
Hurystomites kellogi (Whitfield). Necks are vestigal, scarcely bifureated, the connecting 
rings are strongly differentiated into a thin inner zone and a thick outer zone. The figure 
also approximates the condition of Proterocameroceras. B. Siphunele wall of Tarphyceras 
seeleyi (Whitfield). Necks are long and deeply forked. The outer zone is obseurely dif- 
ferentiated, the eyelet is well developed. C. Siphuncle wall of Tarphyceras, sp. The outer 
zone is wanting, the eyelet is strongly differentiated, with deposits at base, at tip, or both, 
resembling perispatial deposits of actinoceroids. 


At the dorsal end of the connecting ring there is present a darkened area. This 
represents the type of alteration which sometimes affects the entire outer zone. 
It is seen, also, in the next adaptical segment, the base of which is shown at the 
bottom of my illustration. Here the trapezoidal grey area at the base of the con- 
necting ring continues on farther apicad, but it is sharply set off from the inner 
zone by an irregular line resembling a styliolite, and indicating that the differ- 
entiation is inorganic. At the top of the picture the adapical end of the next 
adoral connecting ring shows a clear and a natural differentiation of an inner and 
outer zone, and a light boundary is apparent on the outer zone. An anomalous 
and probably an inorganic feature is the small heart-shaped mass of calcite at 
the tip of the septal neck near the base of the photograph. Irregular masses of 
calcite within the cavity of the siphuncle apparently have no organic significance. 
Certainly they represent no original calcareous deposit. 

A second specimen, too fragmentary for positive identification, but either 
identical with or very close to Tarphyceras seeleyi Whitfield of the Beekman- 
town, shows very different septal necks. They are long, fully half the length 
of the siphunclar segment, and are forked at the tip. The illustration (Pl. 1, 
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fig. 6) shows one of the clearer of the septal necks in which forking is pronounced. 
The connecting ring is attached in part to the adapical concave surface of the 
neck produced by the fork and in part to the outside of the neck. The neck is 
thick, and is very obscurely divided into an inner and an outer zone, the division 
occuring at about the position which a very thin connecting ring would be ex- 
pected to occupy on the basis of the position of the septal necks. The structure 
suggests that the connecting ring was originally thin when first deposited, and 
that it grew subsequently outward and inward. The outer zone is so thickened 
that its base lies on the outside of the connecting ring, not only outside of the fork 
but extending well orad along the outer surface more than halfway to the free 
part of the septum. The other end is slightly expanded terminally and is trun- 
cated by the free part of the preceding septum. The inner zone, generally faintly 
darker in color, extends apicad to the tip of the next adapical septal neck, and 
bears prominent eyelets, though their boundaries are obscure. The inner surface 
is marked by a band of clear calcite, not uniformly present, but more sugvestive 
of the endosipholining of the endoceroids than any other organic structvre. The 
basal part of the inner zone is composed of finer grained material than 1s the outer 
zone, and the differentiation of the eyelet is not clear, though there the material 
becomes denser, and apparently amorphous even under high power. Two eyelets 
are shown on the left side of my photograph. The lower one, compcsed of cense 
dark material, is, in part, covered, particularly at the extreme tip by the broken 
endosipholining, and is, in part, exposed to the cavity of the siphuncle. The 
other eyelet, on the same side of the siphuncle, is less differentiated on the basis 
of color, and is retouched. A unique feature shown iby this segment, not ob- 
served elsewhere, is some of the material at the base of the inner zone which 
seems very similar to that composing the eyelet. A generalized interpretation of 
the structure is shown in text figure 1B. 

A third section, also from a Tarphyceras from the Beekmantown of Valcour, 
New York, (PI. 1, fig. 2) shows somewhat different structures. The fork of the 
neck is not nearly so well developed here, though the septal necks are still rela- 
tively long. The outer zone is not developed at all. The inner zone shows only 
very clear differentiation of the eyelet at the tip. The generalized condition of 
this specimen is shown in text 1C. Differentiation between the septal necks 
and the connecting rings is not clear in the present condition of the specimen, 
though curiously enough, this could be seen quite clearly when the section was 
slightly thicker. Further grinding was necessary to study the structure of the 
eyelet, which here showed more clearly than in any other specimen the differ- 
entiation from the remainder of the connecting ring. The material is yellow, and 
finely granular in the eyelet proper, while the rest of the connecting ring is com- 
posed of much lighter and more coarsely crystalline material. At the base of the 
eyelet in one segment, at its tip in another, and again at both places in a third, 
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there appears a deposit which recalls the perispatial deposit of the actinoceroid. 
It is darker in color than any of the other deposits, and shows faint curved lamel- 
lar structure. Its form seems to be variable, and it cannot be made out in all 
sezments of the siphuncle even in the one section. 

The family Tarphyceratidee was erected by Hyatt (1900) and placed with 
tne Trocholitide and Plectoceratide in the Tarphyceratida. Taxonomic criteria 
were supplied by coiling, the section, sutures, growth, and other gross features 
of the conch. The position of the siphuncle was given attention but its structure 
was assumed to be uniformly simple and orthochoanitic throughout the groups. 
However, among these coiled forms two types of siphuncles appear. The first, 
typified by Eurystomites, Tarphyceras and the species described elsewhere as 
“Plectoceras” sewardense, is characterized by thick connecting rings in which the 
eyelet and the development of zoning are dominant, if not universal, features. The 
other group, typified by Trocholites, Plectoceros, sensu stricto, and Chazyan species 
which are typical in all gross features at least of the Canadian genera A phetoceras, 
Pycnoceras, Falcilituites, as well as the Chazyan species described as Tarphyceras 
multicameratum Ruedemann (1900), have simple thin connecting rings and show 
no trace of the eyelet, though septal necks are well developed and surround the 
tip of the connecting ring. These forms seem to constitute a group of coiled ceph- 
alopods of the Stenosiphonata, while the few Canadian forms thus far studied in 
thin section show, by their thick connecting rings and the structures within them, 
not only affinities with the Eurysiphonata, but also a close relationship with the 
Endoceroidea, as here defined. For the purpose of the present discussion, the 
family Tarphyceratide is confined to coiled cephalopods known to have this type 
of siphuncle wall, and which are regarded as derived from the Ellesmeroceratide. 
In the present state of our knowledge, Tarphyceras and Eurystomites are the only 
genera which can be included here, but doubtless others will be found when more 
of these cephalopods have been examined in thin section. 

Although the Tarphyceratida seem to constitute two unrelated groups of 
cephalopods on the basis of the structure of the wall of the siphuncle, the problem 
requires much further investigation before such a possibility can be proved or 
rejected. The morphological evidence assembled to date is admittedly far too 
meagre. It is possible to point out the characteristics of the two types of siphuncle 
wall which occur in the Tarphyceratida. One is represented by Tarphyceras and 
Eurystomites, discussed above and illustrated. For contrast, a thin section of 
the siphuncle of an undescribed species of Barrandeoceras from the Valcour lime- 
stone of Little Monty Bay, Chazy, New York, is figured (PI. 2, fig. 14) which 
typifies the relatively simple structure of the Ordovician genera noted above. It 
remains to determine into which group still other genera should be placed. Of 
particular interest is the wall structure of such Canadian genera as Aphetoceras 
and Pycnoceras. Chazyan species which apparently belong in those genera be- 
long to the group of Ordovician forms, but the condition of the Canadian geno- 
types is unknown. It may be that they also are simple; certainly it is not im- 
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probable that the coiled Chazyan forms had coiled ancestors in the Canadian 
which can be recognized. There is also the possibility that, instead of represent- 
ing genera which pass from the Canadian to the Chazyan, these cephalopods ex- 
hibit remarkable cases of homeomorphy. Another possibility which must be con- 
sidered is that of a transition from thick complex connecting rings to thin simple 
rings within a genus. The problem is of particular interest in view of the genera 
concerned, which played an important part in Hyatt’s (1894) application of the 
biogenetic law to the Nautiloidea. Although his classification has been questioned 
and the underlying principles have been attacked, no detailed reinvestigation of 
these forms has yet been undertaken. When this has been done with due regard 
to the ontogenetic stages observed by Hyatt and the structures of the siphuncle 
wall indicated in the present work, it will be possible to evaluate Hyatt’s principles 
as applied to the nautiloids on a much better basis than has hitherto been ac- 
complished. 


ENDOCEROID DEVELOPMENT 
PREVIOUS HYPOTHESES 


The term endoceroid has been used very loosely in the past to denote a slender 
cephalopod which was holochoanitic or looked as though it ought to be. Ap- 
parently the term has been used at times for members of the Endoceratide of 
Hyatt and again to embrace most, if not all, of the genera placed in the Holo- 
choanites. The suborder Holochoanites of Hyatt (1900) was supposed to be 
characterized by a siphuncle wall consisting only of septal necks without the 
adjunct of connecting rings. The greater number of the species were contained 
in the longiconic Endoceratide and the breviconic Piloceratide. In general, 
the descriptive terms endoceroid and piloceroid have been used for cephalopods 
which were regarded as members of these families. It was generally assumed 
that holochoanitic structure was primitive, being relatively ancient and relatively 
simple in comparison with ellipochoanitic structure in which the septal necks are 
supplemented by connecting rings. However, it was never a feature which it 
was very easy to see, and many shells of endoceroid and piloceroid aspect, that 
is, shells with large siphuncles containing endocones, were placed in the Holo- 
choanites without a very close examination of the siphuncle wall. Indeed, the 
endocones themselves have come to be regarded as a sufficient criterion of holo- 
choanitic structure. 

However, it was not long before it was found that ellipochoanitic structure 
occasionally appeared in both endoceroids and piloceroids. The first case re- 
ported was that of Piloceras newton-winchelli Clarke, for which Ruedemann 
(1905) erected the new genus Clarkeoceras. It was believed that this genus 
represented a form close to the origin of the ellipochoanitic cephalopods from the 
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simpler holochoanitic forms. When seen in the light of this explanation, Clarke- 
oceras suggested the origin of the connecting rings from the endosipholining of 
holochoanitic cephalopods. Other cases of ellipochoanitic structure were subse- 
quently reported by Ulrich and Foerste, and also by Kobayashi. It was quite 
generally assumed that holochoanitic siphuncles were primitive structures, and 
that the ellipochoanitic genera represented only isolated modifications of the 
primitive pattern. 

The number of genera attributed to the Holochoanites has grown greatly 
since Hyatt’s day. Ruedemann (1906) found holochoanitic structure in sup- 
posedly ellipochoanitic genera of the Beekmantown. More significant perhaps 
were the morphological investigations of the endosiphuncle due largely to the 
researches of Holm in Sweden and Ruedemann in America. Unfortunately 
this method of approach to the problem of the endoceroids was not followed up 
until Kobayashi undertook the examination of the Cambro-Ordovician cephalo- 
pods of eastern Asia some thirty years later. His investigations, set forth in a 
series of highly valuable papers, have brought to light not only many new genera 
and species, but also hitherto unsuspected modifications of the endosiphuncle. The 
variation of structure within the endoceroids was so great that they could no 
longer be contained in the two families which Hyatt found adequate. The tax- 
onomic confusion was happily cleared up by Kobayashi (1935) who presented 
a new classification of the endoceroids in the broadest sense together with a scheme 
of their phylogeny. He regarded Plectronoceras, the only known Cambrian 
cephalopod, as giving rise to Ellesmeroceras, in which holochoanitic structure 
was initiated. From this genus sprang other holochoanitic cephalopods. The 
details of the scheme need not be repeated here. Piloceroids were grouped apart 
from the slender endoceroids, but it was found necessary to recognize several 
families. In various isolated cases ellipochoanitic structure appeared. One such 
case is the family Chilioceratide. The ellipochoanitic Baltoceratide and Troeds- 
sonellidz are regarded as derived from the endoceroid line, at the point of diver- 
gence of the Endoceratide, Manchuroceratide and Chilioceratide. A line inde- 
pendent of the main group of the endoceroids, springing from the Plectronocer- 
atid, produces the supposedly holochoanitic families Wolungoceratide and Pro- 
tocycloceratidee, and later the orthochoanitic Orthoceratide. The Orthoceratide, 
in turn, yield the cyrtochoanitic Actinoceratide. In a subsequent elaboration of 
his views concerning the phylogeny of these forms, Kobayashi has proposed that 
the cyrotochoanitic Stereoplasmoceratidz and Sactoceratide represent related but 
divergent offshoots of the Orthoceratide. The remaining families of the Actinoc- 
eroidea are regarded as derived from the Sactoceratide. 


PHYLOGENY 


The present investigation has yielded evidence which not only opposes nearly 
all of the views which underlie Kobayashi’s phylogenetic scheme, but also re- 
quires the adoption of an entirely mew concept of endoceroid development. 
Previous interpretations of the siphuncle wall have been based upon opaque sec- 
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tions. Thin sections have been found to yield structures which were entirely un- 
suspected, and of which opaque sections often gave no indication whatsoever. In- 
deed, so startling has been the difference between the apparent structure as seen 
in opaque section and the results obtained from thin sections that further thin 
section examination is imperative before the position of any genus can be de- 
termined and anything approaching a correct revision of the endoceroids can be 
attempted. The present results are based upon a small but heterogenous selec- 
tion of genera, dictated largely by what suitable material was available for sec- 
tioning. While this gives probably only a faint indication of the morphological 
results which await a more comprehensive study, it is sufficient to indicate the 
directions taken by certain of the lines of specialization within the endoceroids 
and to show the primitive condition. 

The Canadian cephalopods thus far examined have failed to yield more than 
a single rather doubtful case of holochoanitic structure. The earliest forms which 
can be regarded as holochoanitic with certainty are Chazyan in age, and these 
retain connecting rings, clearly a heritage from ellipochoanitic Canadian an- 
cestors. Not until middle Ordovician time is a holochoanitic genus encountered 
which lacks connecting rings. Evidently the endocones are a much older and a 
more universal structure than the holochoanitic neck. Further, it 1s necessary 
to conclude that holochoanitic structure is a relatively late development in en- 
doceroids, possibly not occurring before the beginning of Ordovician time, and 
one confined to a relatively small portion of the Endoceroidea. In the light of 
this new information it is necessary to redefine the endoceroids for the purposes 
of the present discussion. The Endoceroidea are here defined as cephalopods 
with relatively large siphuncles containing endocones. The connecting ring, when 
present, is thick and of the eurysiphonate pattern noted in the Tarphyceratide. 
under the term endoceroid, and likewise the Baltoceratide, as the siphuncles of 
This definition excludes the Ellesmeroceratidee, which have been often included 
both families lack endocones, but includes the piloceroids which cannot be separ- 
ated clearly from the slender endoceroids. 

The development has already been traced from the Plectronoceratide to 
the Ellesmeroceratidz. This is the progression proposed by Kobayashi, though 
Ellesmeroceras does not mark the initiation of holochoanitic structure as he sup- 
posed. The genus is apparently the origin of the Tarphyceratide, the Endocer- 
oidea, the Baltoceratide, and the actinoceroid complex as divergent lines. 

The first true endoceroid developed merely by the addition of endocones and 
an endosiphotube to the general pattern of an Ellesmeroceras. This condition is 
found in the species described below as “Cameroceras” annuliferwm. The ap- 
pearance of the eyelet in this genus is not to be regarded as a specialization and 
supplies a difference probably more apparent than real. The material of Files- 
yneroceras which has been studied was too recrystallized to preserve the eyelet. 
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However, it is not conceivable that a structure present in such divergent lines 
as the Tarphyceratidz and the endoceroids could have been developed indepen- 
dently in each. Plainly it must have been present in Ellesmeroceras as the com- 
mon ancestor. 

Proterocameroceras and the new genus Meniscoceras show progressive 
specialization of the endosiphuncular structures of the endoceroids. The wall 
of the siphuncle shows specializations closely paralleling those previously noted 
in Eurystomites. In both groups, the aneuchoanitic neck, the loss of the eyelet, 
and the clear development of a thick outer zone seem to be intimately bound up 
with one another. Apparently the eyelet. as a dense and perhaps impervious 
region of the connecting ring, could develop only where a metabolic connection 
was not maintained through the connecting ring between the camer and the 
siphuncle. Consequently it is confined at its origin ‘to that portion of the ring 
through which no connection of that sort could have existed, because it was in- 
sulated by the surrounding impervious septal neck of true shell material. In 
view of this explanation, the connection between the aneuchoanitic neck and the 
loss of the eyelet becomes significant. The structural meaning of the outer zone is, 
however, not yet understood. 

The oldest holochoanitic endoceroids which have been encountered in this 
investigation are Chazyan in age. Except for prolongation of both the neck and 
the ring, the structure is very similar to that noted in Tarphyceras. Endoceras 
proteiforme of the Trenton limestone, though studied only from opaque sections, 
appears to be identical in wall structure. The endoceroids which lack connecting 
rings are apparently more specialized. They are known to appear in the Black 
River limestone of Ottawa and are dominant, and perhaps universal, among the 
endoceroids of the Upper Ordovician of the Cincinnati region, 

No material has been available for study of the siphuncle wall in piloceroids 
by means of thin sections. An opaque section of Cassinoceras explanator reveals 
connecting rings with well-defined eyelets. The condition of the septal necks is 
obscure, but appears to be holochoanitic as in Vaginoceras oppletum of the Chaz- 
yan. Evidently the siphuncle wall is not uniform among piloceroids, as Clarke- 
oceras and Manchuroceras are already known to exhibit ellipochoanitic necks. 
There is likewise great diversity in the structure of the endosiphuncle. The cones 
may be circular in section and simple, or may be specialized in several ways. 
Dissepiments are absent in Cassinoceras, but are present within the endosipho- 
tube of some other genera. In Clarkeoceras, they are few in number and widely 
spaced; in Manchuroceras, they are numerous and closely spaced. The endosi- 
phoblades are capable of various modifications, those of Kotoceras and Man- 
churoceras being highly specialized and resembling the condition reported here 
in Meniscoceras. The blades of Cassinoceras, however, are numerous and ir- 
regular. When variations of the ectosiphuncle and endosiphuncle are taken into 
consideration it becomes evident that the genera of breviconic piloceroids are 
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more closely related to individual longiconic genera than they are to each other. 
Kobayashi, in order to group like forms together as piloceroids, has included a 
number of quite slender forms in the group. 

The family Paltoceratide contains ellipochoanitic cephalopods with small 
siphuncles and without endocones. Thin sections of an undescribed Baltoceras 
from the Fort Cassin beds of the Champlain Valley show thick connecting rings 
and traces of the eyelet. Material of Protocycloceras from the same locality yields 
short septal necks, thick connecting rings and well-preserved eyelets According 
to Kobayashi, the Baltoceratide constitute an ellipochoanitic family which origi- 
nated from the endcceroids, while the Protocycloceratide are holochoanitic, are 
related to the Wolungoceratide and are close to the origin of the Orthoceratide. 
Actually, the only difference now apparent between the families is the position of 
the siphuncle, and this is more apparent than real. Baltoceras possesses a marginal 
siphuncle. The siphuncle of Protocycloceras is not nearly so central as Kobayashi 
seems to believe and is markedly ventrad of the center, especially in the early 
stages of the shell. Orygoceras, which is equipped with a submarginal siphuncle, 
serves to close the gap between the two even more completely. Such a grada- 
tional difference is not adequate as a basis for the separation of families, and there- 
fore until more important differences are found, the family Protocycloceratidz is 
not recognized. 

Neither is there much justification for the derivation of the Baltoceratidee as pro- 
posed by Kobayashi. According to his scheme, the Baltoceratidee are derived from 
the endoceroid line close to the origin of the Endoceratide, Manchuroceratide, 
Chilioceraticdze and Troedssonellide. This implies, that in the development of the 
Baltoceratidze, the siphuncle becomes small, ellipochoanitic structure appears, and 
the endocones are lost. There is nothing in the Baltoceratide to indicate that it 
was derived from a true endoceroid, that is, a form possessing endocones. Fur- 
ther, there is no necessity of attempting to derive the family from a holochoanitic 
ancestor, inasmuch as true holochoanitic structure is an extremely specialized 
condition, appearing late in endoceroid development. Equally unjustified is the 
connection traced by Kobayashi between the endoceroid family Wolungoceratide 
and the Protocycloceratide. 

The connecting rings of the Baltoceratide are clearly eurysiphonate in struc- 
ture. It seems best to regard the family as representing a line of specialization 
derived from the Ellesmeroceratide quite independent of the Tarphyceratide, 
Endoceroidea and the actinoceroid complex. The conch is relatively small and 
remains straight. The siphuncle is empty throughout most of the family at least, 
and never develops endocones. The main specialization has to do with the re- 
duction of the diameter of the siphuncle in proportion to that of the conch. The 
possibility of an affinity between this group and cyrtoconic Canadian cephalopods 
with thick connecting rings, such as are found in Onychoceras Ulrich and Foerste 
remains to be investigated. 
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PRIMITIVE ENDOCEROIDEA 
(See Plate 1, figures 9, 10) 


What is believed to represent the most primitive condition observed among 
endoceroids exists in a single specimen which combines the ectosiphuncular 
features of an Fllesmeroceras with the general endosiphuncular plan of an en- 
doceroid. This specimen, collected by Professor G. D. Harris from the Beek- 
mantown of the vicinity of Ticonderoga, New York, superficially resembles the 
common Fort Cassin species. Proterocameroceras brainerdi (Whitheld), but thin 
sections show that it is neither conspecific nor congeneric with that form. It 
clearly represents an undescribed species, and no genus has been described pos- 
sessing its features. However, Ulrich and Foerste (1933) have described a num- 
ber of Canadian and Ozarkian genera which are erected upon the form of the 
shell, the condition of the section and sutures, and the position of the siphuncle; 
but little attention is given to the details of the structure of either the ectosiphuncle 
or endosiphuncle. As the gross features of this specimen are not well displayed, 
a comparison with the rather brief generic description published is not possible. 
Doubtless this will be remedied when the researches of Ulrich and Foerste, now 
happily being completed by Miller, have been published. Meanwhile, I find it neces- 
sary to have a name by which to refer to this species. The name “Cameroceras” 
annuliferum Flower, n. sp. is proposed, because of the annulated endosiphotube. 
The reference to Cameroceras is doubtless incorrect, but that genus has served 
as an endoceroid wastebasket for so long that it might as well continue in this 
function at least until other investigations supply a more accurate basis than now 
exists for comparison of this with described genera of Canadian endoceroids. 

The type does not clearly display the gross features of the conch, being im- 
bedded in limestone. The shell is straight, slender, and very faintly depressed in 
section. The sutures are not exposed, but from the course of the septa in a 
natural weathered oblique section, there is only a very slight development of 
lobation if any. The camere are very closely spaced. The siphuncle is sub- 
circular, marginal, with no septal structures between it and the ventral wall of the 
shell. No other species described is known to combine the Ellesmeroce «slike 
ectosiphuncle with endocones of circular section and a central annulated en- 
dosiphotube. The two endoceroids generally identified in the Beekmantown of 
New York are Proterocameroceras brainerdi, here shown to have very different 
structure, and “Endoceras” champlainense Ruedemann, which differs from this 
form by the lateral annulations of the siphuncle wall and has much more strongly 
curved septa. 

The connecting ring is equal to the septal neck in thickness, and in opaque 
sections it is usually impossible to distinguish the two structures. Thin sections, 
however, show that the septal neck is short and orthochoanitic, being bent so as 
to lie parallel to the axis of the conch. The tip of the neck is simple. The con- 
necting ring is equal to the neck in thickness at its point of origin and may retain 
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this thickness throughout; but it is normally slightly inflated at the middle of the 
segment, being lens-shaped in section like the ring of Ellesmeroceras. he tip 
of the ring is enclosed within the neck of the next adapical segment. The outer 
surface is generalized and uniform with the rest of the ring in section. The inner 
surface is marked by an area of dense fine-grained yellowish calcite which is 
clearly identical with the eyelet observed in other groups. The position of the 
eyelet on the inner surface of the ring is particularly significant in this generalized 
endoceroid, as such a feature must have been present in the ancestors of Bath- 
moceras and the actinoceroids in order to produce the processes projecting into 
the cavity of the siphuncle which are finally differentiated into annulosiphonate 
deposits. 

The siphuncle walls of this form and of Eilesmeroceras are so similar in other 
respects as to suggest that they were actually identical in fine structure, and that 
Ellesmeroceras possessed an eyelet which has not yet been observed owing to un- 
favorable conditions of preservation. This belief, as will be seen later, is also 
suggested by other evidence. 

Combined with the simple siphuncle wall there is the typical endosiphuncular 
structure of a generalized endoceroid. The endocones are relatively short, circular 
in section, and terminate in a thin-walled tube which is annulated and expands 
within each segment of the siphuncle (Pl. 1, fig. 9). The spacing of the endo- 
cones and the number and position of the blades are not known. 

The type of “Cameroceras”’ annuliferum is of particular interest in that 
it retains the apical end of the siphuncle. Moreover, it is probably the only en- 
doceroid specimen in which it has been possible to make a thin sagittal section 
through the extreme apical portion, thereby permitting the study of structures in a 
detail not hitherto attempted. The apical portion of the shell in section is shown 
in Plate 1, figure 10, The central endosiphotube is not preserved in this portion. 
Careful observation of the specimen during grinding indicated that the endosi- 
photube was actually absent. It is not certain, however, whether its absence is 
original or is the result of replacement. The ventral side of this portion of the 
specimen is very incompletely preserved. Its loss is apparently due to solution 
subsequent to burial, as shown by styliolitelike contact in many places between 
the extant portion of the shell and the matrix. On the dorsum, the wall of the 
siphuncle is preserved intact, though the septa and the shell wall have been de- 
stroyed at the apex. There is, therefore, some reason to doubt whether the 
siphuncle wall is preserved intact. The beginning of the siphuncle is a small 
bulbous process. No similar structure has been observed in any slender endo- 
ceroid, but an almost identical condition has been found in the apical ends of the 
piloceroid genera Manchuroceras and Chilioceras. I have observed traces of a 
similar apical swelling in the siphuncle of an undescribed Fort Cassin species 
which possesses well-defined dissepiments crossing the endosiphotube and is either 
a Manchuroceras or a related, but undescribed, genus. The apical swelling in 
“Cameroceras”’ annuliferum® shows that the structure is not confined to forms of 


5 The tip of the siphuncle is also reminiscent of the small protoconeh postulated for 
Proterocameroceras by Ruedemann (1905). 
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piloceroid aspect, as Kobayashi (1937) believed, and brings to light a type of api- 
cal end hitherto unknown among longiconic endoceroids. Unfortunately the wall 
of the apical swelling is not preserved clearly enough to determine its structure 
with certainty. The wall is evidently thickened, but it cannot be stated with 
certainty whether this represents the wall of the shell, as seems likely on the 
basis of observations on other endoceroids, or whether it is a connecting ring 
producing an apical cecum. 

This genus serves to connect Ellesmeroceras with the true endoceroids and 
represents a stage following the development of endocones but preceding the 
specialization of the siphuncle wall. 

Holotype.—Paleontological Research Institution, No. 5943. 

Occurence.—From the Beekmantown dolomite of Ticonderoga, New York. 
The actual horizon is unknown; presumably it is slightly lower than the Fort 
Cassin horizon which has yielded most of the known cephalopods of the Beekman- 
town formation.® 


SPECIALIZED ELLIPOCHOANITIC ENDOCEROIDEA 


Under this heading I include two genera which show in the. ectosiphuncle 
specializations very similar to those previously noted in Ewrystomites of the 
Tarphyceratide, already mentioned above. These consist of three modifications 
which seem to be associated with one another in hoth groups: 

t. Reduction of the septal neck to an aneuchoanitic condition. 

2. Loss of the eyelet. 

3. Strong development of the outer zone of the connecting ring. 

When these features were first noted, it was not certain whether they repre- 
sented generalized or specialized conditions. It is evident that these variations of 
wall structure of the connecting ring could have no deep phyletic’ significance. 
The grouping of Tarphyceras and other endoceroids on one hand against Eury- 
stomites and Proterocameroceras on another is opposed by so many other mor- 
phological features that it cannot be considered seriously. It remained to de- 
termine waich set of conditions was the more generalized. The aneuchoanitic 
necks which characterize Ewrystomites and Proterocameroceras are not features 
which are known in the ancestral Plectronoceratide or Ellesmeroceratide and 
therefore are probably features developed independantly in the Tarphyceratide 
and Endoceroidea. The outer zone of the connecting ring, likewise absent in the 
ancestral families, is clearly specialized in the Tarphyceratidze, where all phases of 
thickness and clarity of differentiation have been noted. Likewise it is probably 
a specialization in the Endoceroidea as well. The eyelet, as a feature prominent 
in apparently generalized members of both families, and one which was probably 


6 Subsequent collecting in the Beekmantown of the vicinity of Smith’s Basin, on the 
Fort Anne Quadrangle, of eastern New York (Sept. 1941), and also in the Bald Mountain 
limestone south of Middle Falls, New York, has brought to light additional material of this 
species in association with other cephalopods, notably Clitendoceras, sp., aff. C. seeleyi Ulrich 
and Foerste. This material suggests even more strongly the resemblance of this species with 
Ellesmeroceras in the wall of thé siphuncle and further suggests that Clitendoceras and other 
associated genera may be similarly constructed. 
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present in the ancestral Ellesmeroceratida, appears to be generalized. Certainly 
it seems improbable that such a marked specialization in the tip of the connecting 
ring could have been developed several times independantly. It involves a real 
difference in composition of the ring, while the outer zone apparently is concerned 
only with varying differences in texture, but not, apparently, in chemical or 
crystalline composition. As already noted, it is suspected that as Ellesmeroceras 
bridgei Flower’ differs from Cameroceras annuliferum Flower, n. sp. in no other 
feature of the siphuncle wall than the absence of the eyelet, and, since our 
material was so recrystallized that preservation of the eyelet could not be expected, 
the difference may be more apparent than real. Further, while form alone is suf- 
ficient to explain the modification of the deposits of the Actinoceroidea from the 
siphuncle wall of Ellesmeroceras, the difference in composition noted between 
the deposits and the generalized connecting ring requires origin of the deposit 
from the eyelet, and again suggests the presence of the eyelet in Ellesmeroceras. 

Then, too, both Eurystomites and Proterocameroceras show other features 
than those of the siphuncle wall which indicate that they are highly specialized 
genera. This is shown by the strongly modified section of Ewrystomites, the 
migration of the siphuncle at an early stage from a subcentral to a ventral position, 
the relatively rapid expansion of the conch, as well as minor modifications of sec- 
tion and sutures. Proterocameroceras, while generalized in form, is clearly an 
example of very remarkable specialization of the endosiphuncle, as shown by 
Ruedemann’s (1905) study. 


Proterocameroceras brainerdi (Whitfield) 
Plate 1, figures 3-5. 


Proterocameroceras brainerdi (Whitfield), the genotype of Proterocamero- 
ceras Ruedemann (1905), was selected as a representative of Canadian en- 
doceroids, partly because of the availability of material, and in a large part because 
the structure of the interior of the siphuncle is already far better known than is 
that of any other American endoceroid, due chiefly to the classic investigations of 
Ruedemann (1905). However, study of the siphuncle wall by means of thin 
sections showed that it was quite as specialized in its own way as was 
the endosiphuncle. The septal necks are very short, essentially aneuchoanitic, 
as they do not extend apicad along the siphuncle, but only come into contact with 
the primitive inner zone of the connecting ring. While the outer zone of the 
connecting ring forms a considerable area of contact with the septum at the 
adapical end of a segment of the siphuncle, this is more in the nature of an area of 
adnation, faintly analogous to that found commonly in the Actinoceroidea. 

The best preserved specimens are from bed A3 of Ruedemann’s (1905, p. 397) 
section of the Beekmantown at Valcour, New York. The septal necks are re- 
placed by white calcite. They terminate where they attain the thin inner zone 


7 This species, temporarily a nomen nudum, is described in ‘‘ Karly Paleozoie cephalopods 
from the Seward Peninsula of Alaska’’, to appear in the Bulletins of American Paleontology. 
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of the connecting ring and are faintly, and sometimes obscurely, bifurcated at their 
tips. The inner zone of the connecting ring is preserved as very dark material 
and is always clearly set off from the outer zone, which is composed of light 
calcite. The inner zone is relatively thin, uniform in width throughout, and 
forms faintly concavosiphonate segments. There is no trace of the eye- 
let. The outer zone is relatively thin adorally, but thickens rapidly at the 
adapical end of each segment, and is broadly truncated adapically by the septum. 
It shows under favorable conditions of preservation faint lamelle parallel to the 
axis of the conch. 

Another specimen collected by the writer from slightly lower beds >f the 
same region, (A2 of Ruedemann, 1905) occurs in iron-grey dolomites and pre- 
sents a very different aspect of the same structure under different conditions of 
replacement. The necks are preserved as before, but the entire connecting ring 
cannot be made out. Light patches of calcite indicate the position of the outer 
zone, but the zone is not preserved in its entirety, and the outline is very irregular. 
No trace of the inner zone is visible, and the thin adoral portion of the outer zone is 
generally destroyed. The specimen from which this section was taken represents 
the adoral end of the phragmocone of a moderately large-sized individual. When 
found, a good natural section of the conch was exhibited which showed the 
usual holochoanitic aspect of the siphuncle, an illusion which was not dispelled by 
thick-polished sections, but only by thin section investigation. 

The structures within the endosiphuncle have been carefully studied by Ruede- 
mann and need only be summarized here. The essential features consist in the 
presence of an endosipholining, generally appearing as a lining of coarsely crystal- 
line black calcite against the very white calcite which, for the most part, has re- 
placed the endocones. The cones are depressed in section, being flattened on the 
venter and rounded on the dorsum. The endosiphoblades are specialized, two 
being lateral and a third, dorsal. The cone terminates in a flattened endosipho- 
coleon, which adapically is filled laterally by supplementary material forming the 
wall of a rounded endosiphotube. The apical end of this cephalopod is reported 
as consisting of the siphuncle alone within the wall of the shell. Ruedemann notes 
only a very faint expansion of the siphuncle in the apical end of the shell, a con- 
clusion which I have been able to confirm both from his own and other material. 
The most remarkable and perplexing feature of the genus is the reported rotation 
of the endosiphocoleon of the siphuncle. This is shown well by his own material, 
but I have been unable to find it in supplementary specimens. It is possible that 
the specimen exhibiting this feature is abnormal, and that the rotation is rather 
a wavering of the soft parts previous to calcification. This may be in some ways 
comparable to the habit, exhibited by many coiled cephalopods, of the siphuncle 
to depart sufficiently from the plane of symmetry that it will not be entirely ex- 
posed in flat sections. 
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Genus MENISCOCERAS Flower, n. g. 


Genotype—Meniscoceras coronense Flower, n. sp. 


This new genus and species of the Chazyan is known only from siphuncles. 
No complete shells have been obtained from the beds which yielded the two types. 
The conch is straight and slender. The siphuncle is very faintly incised at the 
septal foramina. The siphuncle wall is very poorly preserved, and is known only 
from a single specimen. The necks are ellipochoanitic, very short, and are sup- 
plemented by thin, well-defined, connecting rings, probably homologous to the 
inner zone of Proterocameroccras. No trace of the outer zone has been found. 

The endosiphocone becomes invaginated on its dorsal side forming a broad 
groove, and later gradually becomes semicircular in section; the venter rounded, 
the dorsum first flattened and then becoming concave as the apex of the cone 1s 
approached. At this stage the two lateral endosiphoblades can be seen passing 
from the lateral angles of the cone dorsad, convex laterally, blending with the 
endosipholining of the dorsal wall of the siphuncle. The extreme tip of the endo- 
cone, where it blends with the endosiphocoleon, becomes a depressed oval, with 
both dorsum and venter faintly convex. The endosiphotube is seen only near 
the apical end of the siphuncle and is rounded in form. Apparently it is formed 
as in Proterocameroceras by a filling of the endosiphocoleon. 

Discussion —This genus is included here because it is regarded as a further 
specialization of Proterocameroceras which developed in Chazyan time, and is the 
only ellipochoanitic Ordovician endoceroid so far recognized. The position of the 
endosiphoblades corresponds to that of Proterocameroceras. However, in that 
genus the ventral side of the endosiphocone is flattened and the dorsal side is 
rounded. Orientation is based here both upon the prevalent flattening of the side 
of the siphuncle close to the shell wall and the wall of the conch, which in some 
sections can be seen in contact with the siphuncle. 

The aspect of the siphuncle of Meniscoceras in cross section is very striking- 
ly similar to that of Kotoceras Kobayashi and also of Coreanoceras. However, 
the orientation in both genera is directly the opposite of that found in Ments- 
coceras, and further differences are supplied in the small supplementary ventral 
invagination of the cones in those genera, which are completely lacking here. 
Nevertheless, so similar ave the blades in Meniscoceras to those of the Asiatic 
genera, that only the conclusive evidence of the orientation of the shell, as sup- 
plied by the marginal position of the ventral siphuncles in both cases, can be ac- 
cepted as evidence of a complete absence of relationship, and leads, rather, to the 
conclusion that remarkably deceptive isomorphism is involved. 


Meniscoceras coronense Flower n. sp. 
Plate 2, figures 1-11 
The essential features of this species have already been given in the generic 
description. It is known from two siphuncles. The holotype expands.from 16 
mm. and 17 mm, to 20 mm. and 23 mm. in 120 ‘mm. in the basal portion, and 
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increases to a width of 28 mm. in the next 110 mm. The siphuncle extends 150 
mm. farther orad, showing the adoral portion of the last endocone which is about 
120 mm. in length. The dorso-lateral surface, polished from a natural section 
at the same position, is oblique so that the left side as shown in our figure is more 
dorsal than the right side. This section shows a peculiar hump in the deposit on 
one side which has not been encountered elsewhere in this specimen or in the para- 
type and is therefore believed to be abnormal. Certainly it is unlike any structure 
previously noted in endoceroids. The paratype lacks this projection, although 
the internal mold of the endosiphocone is well exposed, and shows at its adoral end 
the flattening which is not so well shown on the holotype. The paratype expands 
from 10.5 mm. and 18 mm. to 22 mm. and 26 mm. in a length of 170 mm. This 
specimen shows clearly the depth of the camerz in the adoral portion, a siphun- 
cular segment there being 15 mm. in length, where the width of the siphuncle is 
29 mm, The specimen seems to be very slightly flattened, but preservation of in- 
ternal structure is excellent, and there is no evidence of distortion. This specimen 
shows the median endosiphoblade, not well displayed on the holotype. There the 
area dorsad of the endosiphocoleon is recrystallized, presenting much the aspect of 
a cross section of a Kotoceras. 

T ypes.—University of Cincinnati, holotype, No. 22862; paratype, No. 22863. 

Occurrence—From the Middle Chazy limestone of Crown Point, New 
York. The holotype is from limestones at the base of the small signal light on 
the point, not far from the Champlain bridge. The paratype is from the grounds 
of the English fort ruins, collected by Mr. Herrick Smith. 


DEVELOPMENT OF HOLOCHOANITIC STRUCTURE 

In placing the Holochoanites at the beginning of the Nautiloidea, Hyatt as- 
sumed that they were both ancient and simple. Upon casual examination, it 
would appear that the holochoanitic siphuncle wall is simple and therefore po- 
tentially primitive in consisting only of septal necks. -The ellipochoanitic siphuncle 
is more complex, consisting of necks supplemented by connecting rings. The 
implication is that the connecting ring arose by a differentiation of a part of the 
septal neck. The writer (Flower, 1939, p. 41) has shown reason to believe that 
while the septal neck is a true shell structure and is laid down by mantle epith- 
elium, the connecting ring is secreted within tissues and is almost certainly meso- 
dermal in origin. Obviously, if this is correct, the connecting ring could never 
have arisen from the septal neck. 

The antiquity of the Holochoanites is now open to grave question. Hyatt as- 
sumed that they were the oldest of the nautiloids. Foerste at one time regarded 
all pre-Ordovician cephalopods as holochoanitic, but abandoned the view as the 
result of further study. The family Plectronoceratide, the only group of cephalo- 
pods thus far known in the Cambrian, is clearly ellipochoanitic. The Ozarkian 
forms include, in addition to the Plectronoceratide, the Diaphragmide, (largely, if 
not entirely, ellipochoanitic or aneuchoanitic) and the Ellesmeroceratide. The 
Ellesmeroceratidee were formerly regarded as the holochoanititec cephalopods of 
the Ozarkian. However, the siphuncle of Ellesmeroceras is ellipochoanitic, as 
discussed above, leaving the holochoanitic structure of related genera a matter to 


to 
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be regarded with serious doubt. In the Canadian, holochoanitic structure has 
been reported, and such structure has generally been assumed to occur in the 
majority of endoceroids and piloceroids. However, Kobayashi has already found 
ellipochoanitic structure in the Chilioceratide, though he regards most other forms 
as holochoanitic. The present investigation reveals that Proterocameroceras, 
which is holochoanitic in appearance in opaque section, is actually a very special- 
ized ellipochoanitic form. This suggests that similar conditions may obtain in 
other Canadian forms now considered to be holochoanitic, and extensive examin- 
ations of siphuncle walls will have to be made in order to establish the true nature 
of the structure. My material has been very limited, and observations of a 
greater variety of forms are needed; but at the present time the earliest form 
which is demonstrably holochoanitic is Chazyan in age." 

If the Holochoanites are neither particularly ancient, as shown by stratigraphic 
evidence, nor particularly simple, it is to be expected that somewhere in the group 
there would be evidence of the connecting ring, which is found in the oldest 
nautiloids and can be safely regarded as a structure which appeared very early in 
the development of the cephalopod. Such evidence is supplied in the Chazyan 
cephalopods described as Vaginoceras oppletwm Ruedemann and Nanno nove- 
boracum Ruedemann (1906). (Pl. 3, figs. 8-11; Pl. 2, figs. 12-13). Except that the 
connecting ring is complex in structure, the development is very similar to that of 
Aturia of the Tertiary (Miller and Thompson, 1937). 

The general nature of the siphuncle wall is shown in text figure 2A. The 


‘Fig. 2. Holochoanitic siphuncle walls. A. Wall of siphunele of Vaginoceras oppletum 
Ruedemann showing connecting rings and variations in the preservation of the eyelet. B. 
Nanno noveboracum Ruedemann showing condition of necks and connecting rings, also traces 
of endocones. 


ta This opinion has been considerably strengthened by further thin section investigations 
of Canadian cephalopods of endoceroid aspect. 
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septal necks are prolonged, extending for the length of one siphuncular segment. 
At the tip, the neck is simple, pointed, and is curved slightly centrad. From its 
adapical surface, the connecting ring arises. This extends for the length of 
another segment. The tip is more or less inflated, and consists of the dense, fine- 
grained structure of the eyelet, though I have never found the eyelet structure as 
well cel mited as in the clearest of the Tarphyceras sections (fig. tC). The eye- 
let is variable in extent and clarity, and the three segments of the connecting ring 
shown in the accompanying figure (fig. 2A; see also Pl. 3, fig. 10) have been 
modified to show some of the different aspects presented by various sections. The 
upper segment shows the eyelet poorly set off from the remainder of the ring and 
indicated only by finer grained material. The second shows the generalized con- 
dition observed in the large-sectioned specimen illustrated on Plate 3, figs. 8-09. 
The third represents a condition in which bands of clear calcite separate the main 
part of the ring from the interior of the siphuncle on one side and from the septal 
neck on the other. This was observed only in one considerably distorted speci- 
men and is believed to represent an artificial condition attendant upon recrystal- 
lization following distortion. 

The base of the connecting ring extends between the tip of one septal neck 
and the bent portion of the next adjacent one. Very rarely, it may extend a 
considerable distance within the camera and may develop a structure along the 
outside of the neck simulating cameral deposits and resembling the outer zone 
as developed in some of the Tarphyceratide. This, however, has been observed 
only in a few cases, is not uniform in any considerable series of camere, and is 
suspected of being adventitious, the result of poor differentiation between the 
calcite replacing the connecting ring and that representing an originally inorganic 
deposit within the camere. 

The structure of the siphuncle wall of Vaginoceras oppletum Ruedemann is 
certainly identical with that which Hyatt (1900, text fig. 1105, also Ruedemann, 
1906, fig. 3) figured for Endoceras. Here a structufe similar to a connecting ring 
is represented as arising from the tip of a septal neck, extending apical, and sur- 
rounding a space regarded as a vacant ring around the siphuncle. Hyatt’s vacant 
ring is our eyelet, which, because of its dark color and fine texture, often does 
resemble a space filled by matrix. There is, however, abundant evidence of the 
organic nature of the eyelet filling in my thin sections. Not only does it 
differ in appearance from the matrix under such conditions, but it is often found 
in parts of the specimen where matrix could not have penetrated, as it is bounded 
on one side by camere which were closed to the exterior and filled with infil- 
trated calcite, and on the other by the solid endocones which filled the siphuncle. 
Fortunately a specimen of Endoceras proteiforme in the collection of the New 
York State Museum is clearly enough preserved, even in opaque section, to con- 
firm this interpretation of Hyatt’s figure, presumably based upon the same species. 
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This specimen shows wall structure which does not differ from that of Vaginoceras 
oppletum; even the eyelets are well preserved, an unusual feature in opaque sec- 
tions. 

Ruedemann (1906, pl. 4, figs. 2-3) has illustrated the wall structure in l’agino- 
ceras oppletwm, but his drawings show the dark connecting ring only as a terminal 
darker portion of the septal neck. Opaque sections often give this impression ; 
indeed, thin sections were necessary to demonstrate that the true condition was 
actually quite different. His drawing shows the tip of the ring to be hooklike 
and to enclose a light-colored space. This, as shown by examination of the 
type from which the drawing was made, is the eyelet occupied by fine-grained, 
light-colored calcite. 

The wall structure of Nanno noveboracum Ruedemann (1900, p. 427, pl. 7, 
figs. 6-7) differs in no way from that of Vaginoceras oppletwm Ruedemann, and 
the two are obviously congeneric and possibly conspecific. I retain both names 
here as it is not intended to enter at this time upon a discussion of the specific and 
generic problems in holochoanitic endoceroids. Quite possibly the two forms 
represent an as yet undescribed genus. ‘This cannot be determined until careful 
studies have been made of the siphuncle wall of the types of the genera already 
established. 

The lucky find of several specimens identical with the holotype of Nanno 
noveboracum permitted a further study of the condition of the apical end of 
cephalopods which are holochoanitic but retain connecting rings. Unfortunately 
the material was somewhat friable, and the tendency for siphuncles to separate 
from the camere along the septal necks has obscured some vital features.* The 
most complete specimen (PI. 3, fig. 5) consists of a part of the phragmocone con- 
taining the adoral end of the apical bulb of the siphuncle, and continues to an im- 
mature living chamber, which bears fine transverse striz and lire and also shows a 
peculiar and irregular constriction, at first thought to represent a gerontic con- 
dition. Other specimens, however, lack such features, which in the above are 
probably the result of distortion, Another form indicates very clearly the re- 
lationship between the type of structure of typical Vaginoceras oppletwm and 
Nanno noveboracum. This specimen, when sectioned horizontally, so as to 
expose the ventral side of the siphuncle, showed the apical bulb very clearly, fol- 
lowed by annular segments similar to those of Cameroceras in appearance. The 
structure of the wall, however, was that of Vaginoceras oppletwm. A further 
section made in the same specimen parallel to the previous section, but taken at 
the middle of the siphuncle, showed the siphuncle to be straight-sided and failed 
to show any trace of the apical bulb (PI. 3, fig. 6). 

A. vertical section was ground through one of the specimens and _ the 
surface was examined at intervals to determine the condition of the internal de- 


8 The limestone tends to break across the fossils rather than around them. Usually it 
was not possible to recognize this rare species until it was broken. As breaks ¢ommonly 
occur along the siphuncle wall, most of the specimens were unsatisfactory for the features 
which it was most necessary to observe. 
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posits. This section, as photographed (PI. 1, fig. 8) passes slightly beyond 
the center of the siphuncle. The endocones are developed adapically and also 
against the contracting sides of the anterior end of the bulb. Careful examina- 
tion failed to show the endosiphotube penetrating any nearer to the apex than is 
indicated in my figure. Further, the specimen was adequate to show that the 
wall of the apical end of the shell is complete with no sign either of a perforation 
or of a protoconch such as was postulated for Proterocameroceras by Ruede- 
mann (1905). 

Two segments of the siphuncle wall are preserved in my sectioned specimen, 
though only on the dorsal side (Pl. 1, fig. 8; text fig. 2B). The adoral septal 
neck is thin, curved inward at its tip, and within it lies a connecting ring, such 
as is typical of V’aginoceras oppletum, preserved in dark-grey calcite. The tip 
of this septal neck gives rise to a band of white calcite which apparently repre- 
sents its connecting ring. This extends along the outside of the first septal neck 
to the wall of the conch. There is no trace of an eyelet in this connecting ring, 
and its tip cannot be determined. It appears to merge into the wall of the shell, 
here represented by white calcite, as shown in the text figure (2B), and an ap- 
parent line of contact of the ring and the shell wall can be seen. This is probably 
false, however, as it can be traced all the way around the apex of the shell and 
onto the ventral side. In this course it moves to a position halfway between 
the inner and the outer walls, and becomes a band of grey calcite, clearly an 
inorganic phenomenon of replacement. No trace of the connecting ring can be 
seen on the apical septal neck. The apparent absence of the connecting ring 
here may have considerable significance. It was also found to be absent from 
the apical septal neck of Actinoceras; further, the growth of annulosiphonate 
deposits over the adapical surface of the first septum shows clearly that there 
could have been no ring present there at the time when that material was de- 
posited. The evidence supplied by Nanno noveboracum indicates that here also 
the apical septum bears no connecting ring. The resemblance between the two 
groups in this respect may have considerable systemic value. At present the struc- 
tural significance of the missing apical connecting ring is not known. 

Although connecting rings are present in holochoanitic endoceroids from the 
Chazyan through the Trenton, they are not universal. Another and apparently 
a more specialized group of endoceroids has lost the connecting ring completely. 
Such forms are known to encompass a range from Black River through Rich- 
mond time. A thin section of an endoceroid from the Black River limestone of 
La Petite Chaudiére, Ottawa, is illustrated on Plate 1, figure 7, which shows the 
septal necks so closely appressed as to indicate that the connecting rings were 
originally absent and not lost through destruction and conditions of poor preserva- 
tion. Fine examples of holochoanitic necks without connecting rings occur in 
the Upper Ordovician of the Cincinnati region. Insofar as is known, none of 
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the endoceroids with connecting rings persist into the Upper Ordovician. The 
generic position of such endoceroids is at present uncertain. 

Probably no group of cephalopods is in worse need of revision than the 
Ordovician endoceroids. They are common enough to serve as potentially valu- 
able horizon markers and faunal indices; but so much confusion surrounds both 
specific and generic determination at the present time that they are really useless 
in this respect. Species have been based, by necessity, upon fragmentary material. 
However, there is little justification for basing not only determinations, but 
also descriptions, upon poorly preserved material, as has often been done, For 
many of the described species nothing is known except the general aspect of the 
types. Descriptions have relied upon gross features of the shell, too often variable 
within endoceroids, and no attention has been given to the more reliable and 
valuable structures of the siphuncle. A large number of species probably still 
await description. Probably, also, two-thirds of the specimens which have been 
identified as Endoceras proteiforme are too incomplete or too poorly preserved 
to justify generic or specific indentification. Certainly the great range attributed 
to the species, from Trenton to Richmond, over eastern and arctic North Ameri- 
ca, presents such a sharp contrast with the extremely restricted range cf mcst 
other cephalopod species that one is led to regard it with grave suspicion 

Generic characters have not been much better. Some genera were separate] 
on the basis of relatively superficial features, such as the annulated exterior of 
Cyclencoceras, or the annulated siphuncle of Cameroceras. Some are of little 
practical value because they deal with parts of the conch rarely encountered, as 
Nanno and Suecoceras which were based upon apical ends of the shells. Still 
others are founded upon observations of doubtful accuracy. It is suspected, 
for example, that the septal necks extending for the length of two siphuncular 
segments, on the basis of which Vaginoceras was recognized, are instead necks 
supplemented by connecting rings as in Vaginoceras oppletum and Endoceras 
proteiforme. My own rather desultory observations indicate that both in the wall 
of the siphuncle and the structures of the endosiphuncle, there is a wealth of val- 
uable morphological data potentially of great value in the reorganization of the 
Endoceroidea., 

At the present time I have not attempted any reorganization of the holo- 
choanitic endoceroid genera, having failed up to the present to obtain suitable 
material for determining the structures of the ecto- and endosiphuncles in the 
types of the genera now described. Both must be known before a reévaluation of 
the generic boundaries can be attempted. The most serious weakness of Ko- 
bayashi’s classification is an assumption of knowledge, without data, concerning 
the siphuncles of such genera as Endoceras, Cameroceras, and Vaginoceras. The 
siphuncle wall itself of Endoceras proteiforme is made known here. The wall 
structure is unknown in the types of the other genera for the most part. En- 
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doceras proteiforme appears to have endocones of slightly depressed section, but 
the endosiphuncle is still not adequately known, The endosiphuncle of Vagino- 
ceras longissimum and V. multituwbulatuwm, which are possibly different phases 
of preservation of a single species, is characterized by compressed cones termina- 
ting in a compressed tube or coleon, broad and rounded at the top, and pointed 
ventrally, and supported by two vertical blades. Yet the wall of the siphuncle is 
still unknown. Vaginoceras oppletum, of the Chazyan, is the largest and most 
abundant cephalopod of the Valcour limestone of the Champlain Valley. All spec- 
mens examined show the same sort of wall structure, but exhibit some variation 
in the condition of the endosiphuncle which suggests that either there is consider- 
able variability within the species, or, more probably, that at present more than 
one species is retained under the name. Typical specimens exhibit a compressed 
endocone as in the genotype of Vaginoceras, which is pointed ventrally (Pl. 2, 
fig. 12). Sometimes this is supported by a dorsal and ventral blade. This is not 
constant, however, and one specimen was observed showing five blades arranged 
in a starlike pattern (Pl. 2, fig. 13). Whether this species should be placed in 
Endoceras on the basis of the siphuncle wall, or in ’aginoceras on the basis of the 
endocones, or whether it represents an undescribed genus must await more thor- 
ough knowledge of the types of those genera. Moreover, fuller use of the endo- 
siphuncular features requires a more complete knowledge of the significance of the 
structures involved. 


ORIGIN OF THE ACTINOCEROIDEA 


Although Teichert (1933) came to the conclusion that the actinoceroids were 
more closely related to the endoceroids than to any other cephalopods, no attempt 
seems to have been made previously to establish the point of union of the two 
lines. Kobayashi (1935, p. 750) has presented a highly constructive diagram 
of the phylogeny of the older cephalopods, but regards the actinoceroids as de- 
rived from orthochoanitic cephalopods. This view is rejected here, since a con- 
nection between the actinoceroid and the endoceroid has been found. Further, 
IKobayashi’s subsequent proposal of a division of cephalopods into Centrosiphonata 
and Ventrosiphonata is based upon facts which can be given quite a different 
interpretation, 

The two main lines already traced, those leading to the Tarphyceratide and 
to the Endoceroidea, deal with only secondary modifications of the connecting 
ring within each group. Primitively, the ring is thick, and its tip is occupied 
by the eyelet ; but no connection between the ring and endosiphuncular structures 
seems to exist even in the endoceroids where such structures exhibit a variety 
of forms. In the line leading to the actinoceroids, however, the connecting ring 
is modified to form deposits within the siphuncle which have generally been con- 
sidered as structures quite apart from the siphuncle wall. 

The ring of Ellesmeroceras is a simple structure, lens-shaped in section (fig. 
3A). Disregarding growth lines within the ring, inasmuch as they are unknown 
in Ellesmeroceras and Bathmoceras, it is possible to trace these directly to the 


28 PALHONTOGRAPHICA AMERICANA (III, 13) 28 


annulosiphonate deposits exhibited by Polydesmia, the oldest, and therefore prob- 
ably the most primitive, of the true actinoceroid cephalopods. Bathmoceras (fig. 
3B) represents the first step in the development of processes from the inner sur- 
face of the ring which project orad and centrad into the cavity of the siphuncle. 
Holm’s photographs and drawings show that the processes of Bathmoceras vary 
considerably in mass and thickness and sometimes approach very closely in form 
the more massive deposits developed in Polydesmia. Indeed, the similarity 
between the deposits of the two genera is so marked as to suggest strongly a close 
relationship, which, rather strangely, has not previously been considered (fig. 3C). 


Fig. 3. Siphunele wall and deposits of Kllesmeroceras, Bathmoceras and Polydesmia, 
showing progressive growth and modification of a lobe of the connecting ring which 
eventually develops into annulosiphonate deposits. Growth lines are not known for Elles- 
meroceras or Bathmoceras. Their course in Polydesmia is indicated by the middle segment 
only. The dense black body at the base of the segment indicates the original form of the 
deposit, essentially a repetition of the primitive eyelet in a curved connecting ring. A. 
Ellesmeroceras, based upon B. bridgei Flower from the Seward Peninsula of Alaska.  B. 
Pa hmoceras, after Holm. C. Polydesmia, considerably modified from Kobayashi. 

These data are, however, insufficient, as in dealing with actinoceroids many 
more structures than the deposits of the siphuncle exist and must be considered ; 
such as the vascular system, the perispatial deposits, and especially the composi- 


tion of the generalized connecting ring and the annulosiphonate deposits, 


BATHMOCERAS 


Holm’s (1899) study of Bathmoceras contains all that is known of the 
internal structure of this singular genus. An attempt to supplement his 
observations by sections of the Bohemian Bathmoceras pre posterum was unsuc- 
cessful, for the material, consisting of silicious internal molds, had apparently not 
only been subjected to considerable weathering and solution after burial, but had 
also been partly dissolved previous to, or during, the processes of fossilization 
It proved ursatisfactory for thin section investigation and, indeed, only preserved 
the thickened connecting rings very poorly and incompletely, though permitting 
verification of some of the gross features of the siphuncle. 

The septal necks of Bathmoceras are somewhat variable in length and general- 
ly straight. In general, too, they are somewhat longer than in the figure repro- 
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duced here. Further, in Bathmoceras linnarssoni Angelin, the species which 
Holm studied, and also in B. preposterwm Barrande, the curvature of the necks 
tends to vary somewhat, and in many of Holm’s figures there can be detected 
more than a faint suggestion of the beginning of a cyrtochoanitic development 
which is brought to a fuller expression in the actinoceroids proper (Holm, 1899, 
pl. 7, fig. 4). Holm has made careful sections and has established the form of 
the deposits, which vary in form and position somewhat from dorsum to venter. 
This feature does not seem significant in connection with the actinoceroids, but 
is strangely and probably significantly reminiscent of the dorso-ventral varia- 
tions found in the wall of the siphuncle of the older and presumably ancestral 
genus Ellesmeroceras (fig. 3B). 

Although Holm’s study of Bathmoceras stands quite alone among cephalopod 
studies of its period by virtue of its precise and detailed nature, it unfortunately 
leaves unsolved several problems which are of particular importance to the pres- 
ent investigation. The deposits are illustrated as growths from the connecting 
ring. No differentiation is shown within them. As it is suspected that the de- 
posits are derived from eyelet, growing orad and centrad and covering the 
generalized part of the ring, apparently very thin here, since it escaped observa- 
tion, the genus must be réexamined, preferably by means of thin sections, with 
these possibilities in mind. Further, no trace of vascular structures has been 
found within the deposits. Areas of light calcite, generally located in a segment 
near the tip of the septal neck, show structures of uncertain affinities. These 
may be sccondary deposits showing lamelle of growth, vestiges of vascular struc- 
ture, or inorganic phenomena. Obscure traces of a possible central canal are 


shown. 


POLYDESMIA 


Kobayashi’s (1940) recent study of Polydesmia has supplied excellent de- 
scriptions and figures of the genus, but failed to consider sufficiently the relation- 
ship of the deposits here with those of nonactinoceroid cephalopods. Further, 
his own illustrations, as well as specimens of Polydesmia in the U. S. National 
Museum, indicate that the siphuncle wall is not holochoanitic as he states, but 
ellipochoanitic. Teichert (1937) was able not only to determine the tip of the 
ellipochoanitic neck, but to measure it in the genotype. A number of Kobayashi’s 
illustrations show a definite break in the wall of the siphuncle at the point at which 
the septal neck may reasonably be expected to terminate. This is shown in 
Polydesmia canaliculata (Kobayashi, 1940, pl. 4, fig. 17; also pl. 5, fig. 20) and 
Polydesmia watanabei (pl. 5, fig. 23). The siphuncle wall of Polydesmia is very 
deceptive in possessing a connecting ring which is essentially the same in thick- 
ness as the septal neck, though it is much easier to detect the point of contact here 
than in the endoceroid genera which exhibit a similar uniformity. The connect- 
ing ring is thinner in the younger actinoceroids. That of Actinoceras ruedemanni 
Foerste and Teichert, while thinner than the septal necks, is still relatively thick, 
and approaches the condition of Polydesmia quite closely (PI. 3, fig. 1). 
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The outline of the siphuncular segments has been adequately discussed by 
Kobayashi. The segments are very broadly expanded, similar in general to those 
of Actinoceras, and differing in some, but not all, species in the interruption of 
the area of adnation to form an interseptal cavity® (text fig. 3C; Kobayashi, 1940, 
textifig. 1). 

The deposits within the siphuncle are annulosiphonate, built up of concentric 
lamella) which Kobayashi correctly recognizes as original and as representin® 
lines of growth of the deposit. These lamellae are probably common to all actino- 
ceroids, but are often, in fact generally, absent as a result of alteration. 

The deposits are attached to the connecting ring at its adapical end, at the 
point where the eyelet has been found in other eurysiphonate cephalopods, within 
the part of the ring enclosed by the neck of the next adapical siphuncular segment 
This is consistent throughout the Actinoceroidea. No data exist for a comparison 
with Bathmoceras. 

Kobayashi has discerned and named three stages of growth for the annu- 
losiphonate deposit of Polydesmia. The first, the pro- Actinoceras stage, persists 
until the deposit attains the middle part of the constriction. The very earliest 
stage of deposition has not been noted in Polydesmia, as the point of attachment 
of the ring is usually too crystallized. However, it is doubtless similar to that 
of other actinoceroids and essentially linear, though curved in accordance with 
the bend of the connecting ring. This is indicated in black in one segment of 
figure 3C. In its form it suggests the eyelet as developed in the Tarphyceratidee 
Endoceroidea and is perhaps an ontogenetic retention of this ancestral condition. 

The Actinoceras stage of the deposit, as named by Kobayashi, is reached 
when two adjacent segments of the deposit are nearly in contact. Growth is es- 
sentially annulosiphonate, the surfaces of the deposit being fairly equidistant from 
the point of origin. The ring is rounded in section and strongly inflated. Its 
recapitulatory significance can be questioned, however, in view of the fact that 
the stage it is supposed to reproduce is characteristic of Actinoceras, a genus 
considerably younger than Polydesmia. The third stage, the Polydesmuia stage, 
is concerned with the growth of the forward projecting processes of the deposit, 
which Kobayashi regards as a specialization peculiar to this genus. Except that 
the mature deposit is more massive at the base, it is not greatly different from that 
of Bathmoceras, once the “Actinoceras stage” is past. Whether these stages have 
any real phylogenetic significance is extremely dubious. 

A more significant feature of the ontogeny of the deposits of Polydesmia is the 
direction of growth along the connecting ring. Originating at the adapical tip 
of the ring, the deposits grow forward, but are never increased apicad. Thus 
each deposit grows only along the surface of the ring from which it springs. This 
is consistent with the genera! trend of growth found in Bathmoceras, as can be 
clearly seen even without the guidance of growth lines. It is, however, a feature 

9 The term is an unfortunate one, inasmuch as the cavity lies against the true septum 


on one side but on the other is bounded by the thick connecting ring rather than another 
septum as Kobayashi supposed. 
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lost in younger actinoceroids, in which growth of the deposit may proceed as 
rapidly and as far apicad as orad from the center of deposition, and may en- 
croach upon the generalized part of the next adapical connecting ring, as well as 
upon the surface of the ring from which it originates. 

Narrow spaces separate the adjacent annulosiphonate deposits in Polydesmia. 
These are contact lines and are sometimes vestigial. They are not, as Kobayashi 
suggests, the radial canals. Instead, the radial canal system is embedded within 
the annulosiphonate deposits. It consists of fine, complexly branched tubules 
which Kobayashi has illustrated but considered as a part of the structure of the 
annulosiphonate deposit. In possessing such a system of numerous, fine irregular 
tubes, Polycesmia is clearly primitive in relationship to all other actinoceroids. 
The generalized siphuncle contains numerous fine blood tubes. In the Actino- 
ceroidea these are gradually specialized by reduction and simplification to a series 
of fewer and larger tubes; first into the system of double arcs characteristic of 
Nybyoceras and many of the Armenoceratidz, then into the system of single arcs 
found in Actinoceras and its allies, and finally into the system of simple horizontal 
tubes radiating from the central canal which characterize the Sactoceratide, The 
acme of specialization is perhaps found in Metarmenoceras Flower, where even 
these simple canals are reduced in number and have come to form a bilaterally 
symmetrical pattern in their arrangement. Polydesmua clearly lies near the be- 
ginning of this development. Even the walls of the central canal are not pre- 
cisely marked, suggesting that it also was composed of numerous fine tubes. In 
higher forms the central canal can be recognized as containing a small number of 
large tubes, sometimes as few as two, in which case one is apparently arterial 
and the other venous. The perispatium is not definitely marked in Polydesnua, 
nor has its peculiar dark deposit been observed. Quite probably the perispatium 
was not of great functional importance here, as there was necessity in Polydesmia 
for only minor division of the numerous radial canals to tubes fine enough to 
penetrate the connecting ring (Flower, 1939, p. 60). 

It is questionable whether any structures representing the vascular tubes are 
present in any related or ancestral types. Information on the detailed structure 
of the connecting ring is lacking for the crucial genera Ellesmeroceras and Bath- 
moceras. Possibly the blades figured by Ruedemann (1905) for Cassinoceras ex- 
planator (Whitfield) might have served such a function. They appear to be dis- 
crete tubes rather than continuous dissepiments. The endosiphoblades of en- 
doceroids, however, could hardly have served such a function. They are con- 
tinuous longitudinally and do not connect any specific part of the siphuncle wall 
with the central canal. Instead, they apparently terminate in the endosipholining. 
While the nature and function of the blades are not well understood, it is clear 
that they served as a point of weakness in the endosiphuncle. A remarkable 
specimen of a Vaginoceras from the Black River limestone of Watertown in the 
collection of the New York State Museum shows that the siphuncle was capable 
of breaking along the blades. This specimen was broken in this way prior to 
burial. One half of the specimen represents half of the endosiphuncle, split ver- 
tically. The other half is missing, and the opposing surface (PI. 3, fig. 7) shows 
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only the impression of the broken surface on a slab of limestone. Without the 
other half, this would never be recognized as a cephalopod. The broken surface 
shows the endosiphotube clearly. On either side of the tube are transverse 
wrinkles of a natural surface along which the split occurred. [Except that all 
outlines are relatively smooth, this is suggestive of split guards of Mesozoic 
belemnites, which are composed of long columns of aragonite crystals perpendicu- 
lar to a central axis. How far the similarity can be carried safely is extremely 
dubious. Nevertheless this specimen suggests strongly that rather than blood 
tubes the blades were, as Ruedemann originally proposed, supporting membranes 
which persisted after calcification of the endosiphuncle. 


ORIGIN OF ANNULOSIPHONATE DEPOSITS 


The hypothesis outlined above requires that the annulosiphonate deposits of the 
Actinoceroidea be derived from the connecting ring of ancestral forms. This 
is opposed to the hypothesis previously presented by the writer (1939, pp. 51-55) 
that the annulosiphonate deposits were laid down by a siphonal mantle. Further, 
it is consistent with Teichert’s earlier proposal that the annulosiphonate deposits 
were laid down within the tissues within the siphuncle. Several other bits of evi- 
dence suggest that annulosiphonate deposits are very different from cameral de- 
posits and other true shell structures, and that they are intimately bound up with 
the connecting ring. 

It is common to find that annulosiphonate deposits differ in appearance from 
the cameral deposits. This is particularly well shown in material from the Silurian 
(Btage E) of Bohemia. Where most shell structures are replaced by white cal- 
cite, the annulosiphonate deposits are filled with very fine-grained dark-colored 
calcite with a waxy lustre. A very similar appearance was noted in the holotype 
of Geisonoceras teicherti Flower (1939, p. 164, pl. 7, fig. 8; pl. 9, fig. 19). Similar 
differences in texture were noted in Devonian Pseudorthoceratide from the lime- 
stone layer at the top of the Pompey member of the Hamilton in central New York, 
and are found again in some of the better preserved specimens from the Laurel 
limestone of the Silurian of Indiana. The reéxamination of my original material 
leads me to conclude that the markings normal to the lines of growth of the an- 
nulosiphonate deposits in Pseudorthoceras, which were regarded as representing 
rows of aragonitic prisms and indicative of true shell structure, were adventitious 
in the siphonal deposits, though real in the case of the cameral deposits. Numerous 
other examples could be cited of difference in composition, or texture, or both 
in cameral and siphonal deposits. The evidence overwhelmingly suggests that 
cameral and siphonal deposits are so different in their present preservation as to 
demonstrate that they were originally very different in texture and probably also 
in composition, the result of which was different behavior during fossilization 
and replacement. As the connecting ring is markedly different in composition 
and structure from other shell parts in Nautilus, a connection between annulosi- 
phonate deposits and the connecting ring seems likely. 

The intimate connection between the annulosiphonate deposits and the con- 
necting ring is further shown by the remarkable genus Leuwrocycloceras (Foerste, 


43 EuRYSIPHONATE CEPHALOPODS: FLOWER 43 


emend, Flower, 1941). This genus is peculiar in possessing very well-developed 
cameral deposits and no connecting rings or siphonal deposits. Here connecting 
rings are absent, and the annulosiphonate deposits, which must spring from 
the connecting ring, consequently are not developed, although cameral deposits 
may invade the cavity of the siphuncle and may even line the septal foramen. 

In the Actinoceroidea, the annulosiphonate deposit always springs, not from 
the septal neck, but from the tip of the connecting ring lying within the neck. 
This is demonstrable in Actinoceras (Pl. 3, fig. 1) by means of thin sections and 
can be seen in many specimens in opaque polished sections. In the Pseudortho- 
ceratide, however, the connecting ring is so very thin that it is hardly possible 
to determine where its tip is located, and in that family I have encountered no 
specimens, even among thin section material, which show the connecting ring 
extending along the inside of the adapical septal neck nearly to the tip of the 
brim. 

An apparent objection to this explanation of the origin of annulosiphonate 
deposits of the Actinoceroidea is found in the fact that the deposits are strikingly 
different in their mode of preservation from the connecting ring, even at the point 
of their original seat of attachment. This may be due to the origin of annulosi- 
phonate deposits from the eyelet. Though direct evidence of this is lacking at the 
present time, such an interpretation is strongly suggested by various lines of evi- 
dence. The eyelet has not been demonstrated in the ancestors of the Actino- 
ceroidea, Ellesmeroceras and Bathmoceras, but the possibility remains that it was 
probably present in both genera. The material which furnished the basis for 
the investigation of the siphuncle of Ellesmeroceras was so extensively recrystal- 
lized that it was exceedingly difficult to make out the boundary between the septal 
neck and the connecting ring, and under such circumstances the preservation of 
the eyelet could not be expected. All that is known of the structure of Bath- 
moceras is due to the investigations of Holm, and while his study gives very care- 
ful attention to the larger features of the siphuncle and its deposits, thin sections 
were not used, and neither growth lines within the deposit nor the eyelet, which 
are important to the present investigation, were then suspected. To test the 
present hypothesis, it is necessary that both genera be reéxamined in thin section 
on the basis of well-preserved material. 

Indirect evidence, however, suggests that the eyelet was present in the an- 
cestral Ellesmeroceras, and was therefore in all probability retained in Bathmo- 
ceras and Polydesmia, where it became increasingly expanded until it formed the 
annulosiphonate deposit which is apparently distinct from the connecting ring. 
The eyelet has been observed as a persistent structure in two very different groups, 
the Tarphyceratide which are specialized by coiling, and the endoceroids which 
are straight but are specialized by the structures developed in the interior of the 
siphuncle. The logical common ancestor of these forms is one which combines 
their simpler features, the empty siphuncle of the Tarphyceratide with the uncoiled 
condition of the endoceroid. Ellesmeroceras fulfills these requirements. The 
presence of other features common to the two lines of descent, but as yet unknown 
in Ellesmeroceras, owing to unsuitable conditions of preservation, may be safely 
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inferred if it can be demonstrated that they are generalized rather than specialized. 
As has already been shown above, in connection with the discussion of the en- 
doceroids, there is adequate basis for regarding the eyelet formed within septal 
necks as primitive and the condition noted in Eurystomites and Proterocameyoceras 
as highly specialized. The presence of the eyelet in Ellesmeroceras is likewise 
suggested by “Cameroceras” annuliferum, as the apparent absence of the eyelet 
is the only feature in which the siphuncle wall of Ellesmeroceras shows any dif- 
ference from that species. Further, by assuming the presence of the eyelet in 
Ellesmeroceras, and its preservation in the actinoceroid line, this obstacle to the 
present hypothesis is removed. In order to form the deposits of Bathmoceras, 
the eyelet must grow by the addition of material largely in an adoral direction. 
The strong adoral projection of the deposits is adequate evidence of this, even 
without growth lines. There is no reason, at least, to assume that the direction 
of growth was not uniform throughout its period of development. In Polydesmia, 
the tendency toward anterior growth is somewhat reduced, but it still dominates, 
particularly in the final stages. Reassertion of a modified primitive condition in 
late stages of growth is no new phenomenon in animal development Subsequently 
even this vestige is lost, and finally the “typical” annulosiphonate deposit is formed. 
Theoretical as this explanation appears, it is consistent with the known facts 
and serves to account for the widespread difference in replacement phenomena 
of the connecting ring proper, the annulosiphonate deposits, and true shell 
structures, not only in the Actinoceroidea, but also elsewhere. 

There is one further implication of this hypothesis to be considered. What 
is true of the structure of the annulosiphonate deposits of the Actinoceroidea ap- 
pears to apply as well to the annulosiphonate, and probably also actinosiphonate, 
deposits as developed in supposedly stenosiphonate cephalopods. This implies 
that as in the Actinoceroidea, these deposits must have been developed similarly 
from the eyelet of the connecting ring. From this it must follow that these an- 
nulosiphonate cephalopods sprang from the eurysiphonate line, that the eyelet is 
actually far more ancient in the development of cephalopods than the present evi- 
dence will permit us to believe, or that the structure was developed more than 
once.** 


9a Strand, T.: The upper Ordovician cephalopods of the Oslo Area, Norsk Geol. Foren., 
Bd. 14, 1934, pp. 1-118, pls. 1-13. Strand remarks upon the relationship of actinosiphonate 
deposits and the annulosiphonate deposits which he terms bullettes with the connecting ring, 
(pp. 3-7) but regards the lunettes, which include annulosiphonate deposits of the Actinocer- 
oidea pnd the ‘‘Orthoceratide’’ as distinct in origin. The present investigation supports 
Strand’s conclusions concerning bullettes, but fails to show that the lunettes are funcdamen- 
tally different in structure or origin. 


, 
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STRATIGRAPHY 


It should be noted that the evolutionary scheme proposed above is quite con- 
sistent with the stratigraphic range of the various groups involved. The Plectro- 
noceratid are in this respect admirably fitted as candidates for the position of an- 
cestors of other cephalopods, as the genus Plectronoceras is the only true Cam- 
brian fossil which can be attributed without doubt to the cephalopods. The El- 
lesmeroceratidee, the first of the true Eurysiphonata, are Ozarkian’’, or perhaps 
more accurately, Wanwanian in range. By Middle Canadian time, the descendant 
radicles of the Ellesmeroceratide were distinct. Some probably extend farther 
back. In Canadian time the Tarphyceratide reached their apex. The Endoceroidea 
were not only well established, but frequently highly specialized. The Baltoceratide 
attained their optimum development. Bathmoceras also belongs here in the 
stratigraphic column. The Mauryama limestone, which yields most, if not all, 
of the species of Polydesmia, intervenes between the Lower and Middle Ordo- 
vician of Kobayashi’s Manchurian section. His Lower Ordovician, or Wolun- 
gian, as shown by the development of piloceroids, is Canadian, while his Middle 
Ordovician, or Toufangian, as shown by the presence of a considerable number 
of genera present in America only in the Chazyan, among them certain of the 
Stereoplasmoceratide, Sactorthoceras, Centroonoceras, and Nybyoceras, embraces 
also the Lower Ordovician as recognized in America. Kobayashi has regarded 
the presence of Polydesmia as an actinoceroid, apparently sufficient for grouping 
the Mauryama beds with his Toufangian or Ordovician, which he terms the “age 
of actinoceroids,” while his Wolungian, or Canadian, is termed the “age of pilo- 
ceroids.” Whether the Mauryama bed can be correlated with anything in Ameri- 
ca is doubtful. As pre-Chazyan and post-Middle Canadian, in which the pilo- 
ceroids attain their great development, its position appears to be probably best 
placed tentatively as Upper Canadian. In tracing the actinoceroids further, the 
correspondence holds somewhat less exactly, though precise correlation becomes 
more uncertain as well. Certainly the Lower Ordovician Nybyoceras precedes 
most other actinoceroid types. While Armenoceras in the ontogeny precedes 
Actinoceras, it is not certain that it is the older genus, as both appear at about 
the same point at the beginning of the true Middle Ordovician. The Sactocera- 
tide, which appear in the Upper Chazyan, offer perhaps the gravest discrepancy, 
though not a fatal one. 

Of the other lines, except for the doubtful continuance of the Tarphyceratide, 
only the endoceroids remain. A few of the ellipochoanitic endoceroids probably 
persist into the Lower Ordovician. One such survival is Meniscoceras described 
above. Holochoanitic forms dominate, however, and until Trenton time these 
retain connecting rings. More specialized forms which have lost the connecting 
tings appear in the Middle Ordovician and persist to the close of the Upper 
Ordovician. 


10 Tt is needless, and indeed futile, to enter here upon the still debated points of the merits 
an demerits of the Ozarkian as a system. From the point of view of the present work, the 
term is a convenient one. Therefore I have employed it. The Wanwanian of Manchuria ap- 
pears to be Upper Ozarkian. 
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BARELY STAGES 

As already noted in the introductory portion of this discussion, a serious 
handicap in the basing of phylogeny or classification on the early stages of nauti- 
loids is a lack cf enough information to permit a careful comparison with other 
features which appear to be of equal, if not greater, value. A serious weakness 
in the proposed Ventrosiphonata and Centrosiphonata of Kobayashi is that on 
the basis of known facts only a very small number of cephalopod genera can 
be referred to either group. This does net imply that early stages do not 
furnish valuable clues to relationship, but it is not always easy to select the 
significant features and to weed out accidental resemblances. It is nevertheless 
pertinent to review briefly the known phenomena of the early stages of the 
cephalopods here considered as constituting the Eurysiphonata and to note con- 
sistencies and inconsistencies with the phylogenetic scheme proposed above. 

No early stages are known as vet for either the ancestral Plectronoceratide 
or the first of the Eurysiphonata, the Ellesmercoceratide. The siphuncles are con- 
sistently ventral and marginal or submarginal, and it seems probable that this 
condition may have been present also in the first stages of the shell. This, how- 
ever, is supposition for which there is actually no real evidence. 

The early stages of the Tarphyceratide, as restricted, are not known clearly. 
Hyatt (1894) has shown that the siphuncles of coiled Ordovician genera termin- 
ate in a closed apical caecum, and that the first septum is perforated at, or ventrad 
of, the center. However, Hyatt’s observations are confined to the Trocholitide, 
and it is not certain whether these forms are even closely related to the Tarphy- 
ceratide. The siphuncles of Eurystomites and Tarphyceras lie ventrad of the 
center in the earliest stages and are reputedly not marginal, but it has not yet been 
ascertained whether an apical cecum is developed. Not only the cecum, but 
also a false siphuncle connecting the caecum to the apex of the shell is suggested 
by one of my sections of Tarphyceras seeleyi; but these may be adventitious. Cer- 
tainly such an interpretation does not seem consistent with the apical cicatrix 
noted by Ruedemann (1906, p. 461, pl. 18, figs. 6-7,) for Eurystomites amplectans. 
The correct interpretation of the apical ends of the Tarphyceratide involves prob- 
lems still unsolved, in particular whether there was originally a fragile protoconch, 
which has been destroved in all specimens so far observed, and if so, whether 
the siphuncle penetrated to it.” 

The early stages of the endoceroids are so variable in form that it is dif- 
ficult to separate the primitive from the specialized. Though the siphuncle im- 
mediately beyond the apical portion is apparently uniformly ventral, the siphuncle 
generally occupies the entire apical chamber and cannot be said to be ventral 
rather than dorsal. It is believed that the large inflated apical portions of siphuncles, 
such as are contained in Nanno and Swecoceras, are specialized rather than prim- 


11 Subsequent sections of Tarphyceras seeleyi show unsuspected features in the early 
stages. The siphunele is ventral in the first whorl and opens to the apparent apex of the shell. 
This suggests a relationship with the Hurysiphonata on the basis of the absence of an apical 
eecum. Also, by the position of the siphunele it should fall with the endoceroids in the Ventro- 
siphonata of Kobayashi’s proposed classification. 
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itive; for although they sometimes continue the domination of the siphuncular 
cavity over the cavity of the camerze for a considerable distance within the conch, 
they are not particularly early features. Swecoceras is Canadian but Nano is 
Ordovician. Similar inflated apical ends of siphuncles are unknown in the 
Ozarkian. Possibly “Cameroceras” annuliferwm, which appears to be primitive 
in so many other respects, retains the primitive condition in the small inflated 
apical end of the siphuncle. If so, the piloceroids, though specialized in many 
other respects, are also primitive in this feature. 

The apical ends of the Actinoceroidea, insofar as they are known, show more 
uniformity. The first siphuncular segment seems to be open into the apical 
chamber, and the first septum seems to have no connecting rings. Apparently Nan- 
no exhibits a similar condition, though in that genus the first septum has well- 
developed necks, which appear to be absent in Actinoceras. Following the first 
segment, there occur a series of siphuncular segments which are relatively large 
in proportion to the rest of the shell and tend to decrease in size orad. Sometimes 
the decrease is gradational and merges gradually into the adult condition of the 
siphuncle. Again it may be abrupt, as in Actinoceras itself, and marked by a 
pronounced expansion of the siphuncle at the beginning of the ephebic portion. 
Since observing the condition in Actinoceras (Flower, 1940), I have had the 
opportunity to examine a number of the types of various species of Kochoceras, 
which tend to confirm the opinion presented on the basis of Foerste’s published 
figures that these also represent adapical ends of siphuncles, though with the true 
apical chamber destroyed. This has been further shown in some beautifully 
silicified material of Actinoceras to be described shortly from the Plack River 
limestone of the Paquette Rapids of the Ottawa River. These lack the apical 
chamber, but the outline of the exterior of the shell suggests strongly that such 
a chamber was present to complete the smooth outline of the apical end of the 
conch. 

Aside from the absence of the apical caecum, one other feature of the early 
stages of the actinoceroid suggests a relationship with the endoceroids. The 
central canal describes a peculiar course, being central in the first segment, swing- 
ing toward the venter, and then resuming a nearly central position again in the 
ephebic portion. This peculiar modification seems to be without any explanation 
insofar as the actinoceroid is concerned, but suggests a striking resemblance to 
the course of the central canal in Nanno, where it is the result of modifications 
of the form of.the siphuncle in the early stages. However, in view of the probable 
specialized condition of Nanno, it was probably not in the direct line leading 
to the actinoceroid, and the resemblance may be adventitious. It is equally pos- 
sible however that such a course might mark the central canal in older and more 
primitive endoceroids, where it has not as yet been studied closely. Indeed, even 
in such primitive endoceroids as “Cameroceras” annuliferum, the siphuncle may 
be seen as occupying a faintly sinuous course analogous to that noted in Nanno, 
though not nearly so pronounced. The beginning of the siphuncle is essentially 
central in that it occupies the whole of the apical chamber. It then becomes 
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ventral by the building of expanded camere on the dorsal and lateral surfaces. 
In the later stages cf growth it is commen to find that the siphuncle is at length 
entirely surrounded by camere and thus removed slightly from the venter, com- 
pleting the S-shaped curve. This condition is even found in the later stages of 
some species of Ellesmeroceras and is therefore probably primitive. 

As can readily be seen from the present summary, many of the crucial features 
of early siphuncular stages are too little known to more than suggest relation- 
ships. It is felt that these features are to be trusted only when corroborated 
by other characters and other lines of evidence. Kobayashi’s emphasis on the value 
of the position of the siphuncle does not seem to be warranted by the present avail- 
able evidence. Certainly there is not enough proof to justify the acceptance of 
the Centrosiphonata and Ventrosiphonata on such slender evidence as has so far 
been offered. The previous suggestion of the writer (Flower, 1940) as to the 
greater value of the apical cecum in taxonomy likewise requires much fuller in- 
vestigation. At present it appears that the apical ends are at least not inconsistent 
with the present proposed relationship of the actinoceroid and the endoceroid. 
Adequate criteria are lacking as to the relation of the evidence supplied by the 
siphuncle wall and that supplied by early stages of the Tarphyceratidee and can 
be ascertained only by further investigations. Certainly much more must be known 
concerning the early stages of these cephalopods before their use in taxonomy can 
be justified by more than a general acceptance of Haekel’s biogenetic law. 


SUMMARY 


The Plectronoceratide are here accepted as the most primitive of the true 
cephalopods and are considered as primitive in the thin septal neck and in the 
plasticity of the siphuncular outline. They are regarded as giving rise to two 
divergent lines. One is characterized by thin connecting rings and constitutes the 
Stenosiphonata. In the other, thick connecting rings develop, which characterize 
the Eurysiphonata better than the relatively long septal necks. 

The Ellesmeroceratide are regarded as the most primitive of the Eurysiphon- 
ata, characterized by short necks and thick rings, lens-shaped in section. Reason 
is shown for believing the eyelet, an area of dense fine-grained material in the 
tip of the ring, to be present in this family, though it has not been observed. The 
eyelet, and a tendency for a development of an outer zone of the connecting ring, 
link the Tarphyceratide, as here restricted, and the Endoceroidea. Probably the 
Baltoceratide constitute another distinct line. The known Tarphyceratide show 
specialization in coiling, but the siphuncle remains generalized in structure, 
though showing considerable variation and specialization within the family. 

,The Endoceroidea are characterized by the development of endocones.  EI- 
lipochoanitic structure is dominant and perhaps universal among the older genera, 
though many other specializations develop, as exemplified by the breviconic form 
of the piloceroids, and many modifications of the ectosiphuncle. The siphuncle 
wall itself is capable of specializations, closely paralleling those noted in the Tar- 
phyceratidee. 

The Actinoceroidea are traced through Polydesmia and Bathmoceras to an 
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origin in Ellesmeroceras. Though in form the annulosiphonate deposits are clear- 
ly derived from the connecting ring, they differ from the generalized part of the 
connecting ring sufficiently to necessitate the hypothesis that they are produced 
by growth of the eyelet. Additional evidence leads to the belief that all annulosi- 
phonate deposits are thus derived from the connecting ring, and that they were not 
true mantle secretions. 

Relationships within the Eurysiphonata are indicated, but the limits of the 
group have not yet been ascertained. The possibility of a relationship between 
the Tarphyceratide and coiled Ordovician genera with thin-walled connecting 
rings remains to be examined. If the strong resemblance between these two 
groups is not a mark of relationship, there is here one of the most remarkable 
cases of isomorphism among the Nautiloidea. 

The discovery that most of the supposed Holochoanites are ellipochoanitic 
and that holochoanitic structure is confined to a small part of the Endoceroidea, 
possibly to a specialized group which did not appear before the beginning of the 
Ordovician as now restricted, shows clearly that the suborder must be rejected. 
Likewise, investigation of endoceroids has necessitated radical revision of cur- 
rent concepts of their developmental trends, based largely upon the primitive 
nature of ellipochoanitic structure and the specialized nature of the holochoanitic 
siphuncle. 

The clearly ascertained facts concerning the early stages are not inconsistent 
with this scheme of phylogeny, but such stages are too little known as yet to serve 
as valuable criteria. 

Perhaps the most valuable contribution of the present work is the demon- 
stration of some of the morphological data which can be obtained from the study 
of thin sections, not hitherto widely employed in the Nautiloidea. It is hoped that 
the present findings will stimulate other investigations along similar lines. 
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EXPEANATION OK (Re Aiiiie (1) 
Figure Page 
i Lurystomites eellogua (Wihittie ld) eee eee eae een oe eS 16 


Siphunele wall in tbin section, X7, showire zones of connecting ring and the 
vestigal condition of the necks. Fort Cassin beds, Valeour, New York. 


2) hharphyceras: spyatteseeleyia (Nitti eld) eee ae ree 18 
Siphunele walls in thin section. Outer zone absent, eyelets well developed, set 
off from generalized portion by dark deposits. Fort Cassin Beds, Valeour, N. Y. 
3- 5. Proterocameroceras brainerdi (Whitfield) 28 
Sections of the siphuncle wall. (3) Wall, X7, showing dark inner and light 
outer zone of conneeting ring. (4+) Enlargement of a part of the same section, 
showing the tip of the neck. (5) Another part of the same specimen with un- 
usually thick outer zone developed. Fort Cassin beds, Valeour, New York. 
6 Larphyceras seclen (Withheld) Se ——————————E 17 
Thin section of siphunele showing long forked necks, connecting rings with 
obscure zoning and the eyelet obscurely differentiated. The eyelet, seen only on 
the left side of the siphuncle as oriented here, is dense black in the lower part 
of the photograph, grey near the top. Fort Cassin Beds, Valcour, New York; X7. 
7. CEnd0cerds., Sp. 22 EEE 35 
Thin section of the wall of an endoceroid from La Petite Chaudiére, Ottawa 
Canada, in the Black River limestone. The connecting rings are missing, and the 
necks are in contact; X7. 
8; Nannie moveboracum Ruedemann(= == 35 
Opaque section, about X2.2, with venter on right. Valcour limestone, Little 
Monty Bay, Chazy, New York. 
9-10. “(Cameroceras’ annulferum Blower, ny sp. = 25 


Adoral portion of siphuncle (9) and apical portion (10) of siphuncle. Can- 
adian of Ticonderoga, New York. 
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EXPLANATION OF PLATE II (2) 
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Meniscoceras coronense Flower, n. sp. —-.-------- PH See aoa _ &O 

(1) Adoral portion of holotype, about X2/3; a polished section parallel to 
weathered surface, oblique, extending farther ventrad on the right. (2-9) a 
series of transverse sections approachingthe apicalend, about 11%. (2-5) Endo- 
siphonocone shown with the blades represented only laterally by remnants of 
the outer cones. In fig. 5 the first traces of the endosiphonocoleon, better shown 
in 6, are seen. (7-9) Adapical sections showing the clear lateral blades and the 
dorsal blade developed in S and 9. Fig. 10 is an enlargement of the coleon of 
the same section as figure 6. Fig. 11 is the weathered adoral end of the para- 
type showing the flattening of the adoral end of the endosiphonocone and faint 
grooving. Holotype and paratype, Univ. of Cincinnati, Nos. 22862, 22863, 
Crown Point, New York, from the Middle Chazy. 


agmoceras ct. opplewm Ruedemann == = ee 82. 87, 
Two transverse sections through the siphuncle of Vaginoceras ef. oppletum. 

The typieal condition in fig. 12 shows compressed cones with a dorsal and a ven- 

tral blade. Fig. 13 is unique in the starlike arrangement of the blades. Valcour 

limestone, Little Monty Bay, Chazy, New York. 


IBOTKONACOGETOS, (SQ a LO) 
Thin seetion, X7, of the siphuncle of a Barrandeoceras, one of several un- 

deseribed species from the Valcour limestone of Little Monty Bay, showing the 

thin connecting rings and their simple structure. 
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necting ring within the neck. Perispatial deposits are seen apicad of the tip of 
the neck. The white calcite in the siphuncle represents the annulosiphonate de- 
posits. Watertown limestone, Black River, Watertown, New York. 


Nanno noveboracum Ruedemann coe 

(2) Dorso-lateral aspect of siphuncle containing upper part of apical bulb. 
(3) Adoral part of siphuncle showing annulated ventral side, simulating the 
condition of Cameroceras. (4) Section at base of living chamber and (5) Dorso- 
lateral aspect, of a nearly complete immature individual. (6) Transverse longi- 
tudinal seetion through center of siphunele, where the apical bulb is not evident. 
A more ventral section in the same individual shows the bulb clearly, also the 
annulated condition of the siphunele which is here lost. Valeour limestone, Little 
Monty Bay, Chazy, New York. 


Vaginoceras cf. longissimum (Hall) a 


Impression of surface of a siphuncle split along the vertical blades. Black 
River limestone, Watertown, New York. New York State Museum specimen. 


Vaginoceras oppletwm Ruedemann 

(8) Sagittal section, X1. (9) Enlargement of siphuncle from opposite side of 
same specimen, adoral end only. (10) Thin sections of several segments of the 
siphunecle from another specimen showing structural details. (11) Cross section 
through siphuncle cutting endosiphocone. 
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TWO SIPHONOPHORES FROM THE PALEOZOIC 
By 
Kenneth E. Caster 


University of Cincinnati, Ohio 


ABSTRACT 


Two discoidal Problematica from the Devonian and Ordovician respectively appear to 
be new disconectate Siphonophora. Plectodiscus cortlandensis Caster, n. sp., is deseribed 
from the Ithaca beds of the Upper Devonian, near Cortland, New York. Fortuitous preserva- 
tion of the material reveals characters which seem to solve the long-standing problem of the 
biologic nature of the form-genus. It appears to be a siphonophore and to establish for 
the first time the Paleozoic existence of the ‘‘by-the-wind-sailors’’ (Velellide). Palewoscia 
flowert Caster, n. gen., n. sp., is a radially symmetrical umbrella having the general attributes 
of the porpitid siphonophores. Coming from the Corryville formation, Maysville division of 
the Cincinnatian series (Upper Ordovician) of southwestern Ohio, it apparently establishes 
the first record of the Siphonophora in strata of the Cincinnati-Nashville Uplift. 


INTRODUCTION 


Two lots of so-called “jellyfish” fossils in the University of Cincinnati Museum 
collections are the basis for this discussion. The first is from the Upper Devon- 
ian of Central New York State; the other from the Ordovician of the Cincinnati 
region. Both appear to be Siphonophora and new to science. Each would ap- 
pear to be an important milestone in organic distribution. 

Although long scrutiny of problematical objects has been known to engender 
hallucination, the manifest similarities between the Devonian specimens and the 
pneumatophores of Recent Velellee appear to be bona fide and homologous. Com- 
parisons have been made with formalin preparations of V’elella and other siphono- 
phores in the University of Cincinnati collections, and with new materials ob- 
tained from the General Biological Supply House of Chicago. A\ll of the pertinent 
morphologic data in the three great monographs on the oceanic hydromedusz 
by Huxley (1859), A. Agassiz (1883) and Haeckel (1888A), as well as in many 
more recent writings (acknowledged in the text and listed in the bibliography), 
have been painstakingly collated, and are in general accord with the features of 
the Devonian iossils. The close similarities between these fossils and the larval 
stages of Velella shown by LeLoup (1929) and Haeckel (1888A) impress the 
writer as extremely important biogenetic checks on conclusions first reached solely 
from ephebic similarities. The Devonian fossils apparently give us the first 
paleontologic clue to the significance of the interesting metamorphosis undergone 
by modern “‘little sail” siphonophores in their astontogeny. 

Not excepting Walcott’s Middle Cambrian fossils from Burgess Pass, all ob- 
jects thus far identified as fossil siphonophores are in reality Problematica, since 
they disagree in certain fundamentals from any of the known groups of hydro- 
meduse, and probably will require special dispensation (separate families) for 
admission when they finally receive the study they deserve. Most of the so- 
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called fossil siphonophores of the Paleozoic’ (and more recent ones have escaped 
my notice) recall the disconectate (Chondrophore) types. Among the living 
ones of this sort, there is a basic cleavage between the drifters (Porpitas) and the 
sailors (Velellas), the latter being generally considered the more advanced type. 
Up to this time, no “‘by-the-wind-sailors” (Velellide) have ever been reported, 
or even considered, from the Paleozoic (or from any other geologic era for that 
matter), although Ruedemann’s (1916) problematical form-genus Plectodiscus 
seems to be the proper receptacle for the new Devonian fossils. 

Should the present biclogic interpretation of these fossils prove right, they 
would seem to offer paleontologic corroboration of the developmental evidence 
submitted by LeLoup (1929) that the Chondrophorz are primitive hydromedu- 
se, probably closest of all siphonophores to the ancestral and statozoic hydro- 
zoans. Although Agassiz (1883) appears to have held the same view, and most 
certainly Haeckel (1888, 1888A) did, the general zoological feeling has reverted 
in recent years (e. g., Hyman, 1940, p. 479) to an older tenet, antedating the 
great monographs, that these are secondarily simplified and highly derived 
siphonophores. 

The Ordovician medusoid bells appear to be without congeners, but their af- 
finities seem to be with Cambrian to Devonian-ranging Problematica which Ruede- 
mann (1916, 1934) has rather convincingly compared with the Porpitas. Since 
there appear to be no previous records of siphonophores, or even of “fucoids” or 
Preblematica that might be so interpreted, from the rocks of the Cincinnati Up- 
lift, these new fossils are doubly interesting. 

I am grateful to various members of the Paleontological Research Institution 
of Ithaca, New York, for assistance in searching for these and related Problem- 
atica in Central New York. To the Board of Directors of that Institution, I am 
also indebted for the privileges of publication. The first Devonian specimen was 
found in 1934 while on a spring vacation trip with a group of geology students 
at Cornell University. Dr. Rousseau H. Flower, Curator of the University of 
Cincinnati Museum, discovered the Ordovician specimens in the fall of 1941 and 
has kindly made them available for study. The Librarian and staff of the Uni- 
versity of Cincinnati Library have been most cooperative in securing necessary 
literature not available in Cincinnati. The drawings were made by my wife, 
Anneliese S. Caster. Cost of the illustrations has been met by the Faber Fund 
for Paleontologic Research at the University of Cincinnati Museum, 


DESCRIPTIONS 


On the basis of similarities to be brought out below, the suprageneric taxonomy 
of the problematical fossils appears to be as follows: 


1 Most of the Paleozoic siphonophoraceous Problematica have been illustrated by Ruede- 
mann, 1934. 
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Phylum CNIDARIA (Cclenterata) 
Class HYDROZOA (Hydromeduse) 
Subclass SIPHONOPHORA (Siphonophore) 


Superorder DISCONANTH? Haeckel, 1888 
Order Chondrophore Chamisso and Eysenhardt, 1821 (Disconecte Haeckel, 1888) 
Family Velellide? Brandt, 1835 


Genus Plectodiscus Ruedemann, 1916 

Genotype.—Plectodiscus molesius Ruedemann. Senecan series. Upper Devonian. 

The genus and species were established by Ruedemann (1916) for a Problem- 
aticum from the Ithaca (Nunda) formation, near Ithaca, New York. The holo- 
type mold is the sole example known. Ruedemann made no serious pretension of 
explaining the curious fossil. It was described more or less as an appendix to 
his reappraisal of Clarke’s (1900) Paropsonema cryptophya, to which he thought 
his new impression bore certain remote resemblance. He hoped that by giving 
the Ithaca fossil a name others might be inspired to search out new material from 
which relationships could be determined. The two specimens described below, 
from Cortland. New York, seem to be the first stage of wish-fulfillment, for they 
are the only other specimens of the genus yet known*. 

Doctor Ruedemann indirectly compared his specimen with porpitid siphono- 
phores in suggesting, by way of a trial, that it might be another aspect of Parop- 
sonema. He also mentioned the possibility that the remains might be a soft coral 


2 Proposed as a subelass of the Class Siphonophore by: Haeckel, who was convinced that 
on the basis of the octoradial and medusoid larva (Disconula), the siphonophores with poly- 
thalamous floats are not only distinct from, but more primitive than all others of the pelagic 
poly-personal hydromeduse. The category usually listed as suborder Physophorida or 
Physophore (based almost solely on the possession of a float) seems not warranted by either 
ontogeny or paleontology. Although the Portuguese-men-of-war (Physalia) are low in cormidial 
organization, there is little proof that they are allied closely in the Disconanthe. Most surely 
there is only analogous comparison between the mantle float of Physalia and the many- 
chambered pneumatophore of tke existing Chondrophore. 


3 Although many modern zoélogists consider the Velellidee and the Porpitide as one fam- 
ily, the Velellide, the cleavage between the existing porpitids and Velellas appears to persist 
into the early embryonic and larval stages (e. g., LeLoup, 1929) and in the present paper is 
supposedly earried back into the Devonian. Considering the nature of the differentia involved, 
as well as mere time, it would seem that Brandt’s (1835) proposal of families (followed by 
Agassiz, 1883, and Bigelow, 1911, and some others) has considerable merit. 


* Dr. R. H. Flower reports the discovery several years ago of a large slab of sandstone 


from the Ithaca beds in Fall Creek gorge near Cornell University, which appeared to be 
covered with imprints of Plectodiscus. Unfortunately the specimen has been misplaced, but 
the discovery is significant as the second finding of the genus in the type area. 
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in accordance with a suggestion made to him (1916, p. 27) by Dr. Van Namie, 
then State Zodlogist of New York. Clarke had described his fossil as an aberrant 
echinoderm—a view which was not shared by any echinoderm specialists ac- 
cording to Ruecemann—but Fuchs (1905) speculated that it might be the float 
of a porpitid siphonophore. This was apparently the first time anyone had postu- 
lated the existence of fossil Siphonophora. Ruedemann (1916, 1934) was in- 
clined to agree with Fuchs and actually made the comparisons Fuchs had sug- 
gested. 

The characters of the form-genus, as demonstrated by the genotype, have been 
shown in as complete a manner as possible by the photograph of a plaster mold 
of the holotype impression in Ruedemann’s two papers. The illustrations (7. e., 
cest cf the original) show an oval, compressedly coniform body which was ap- 
parertly invested by a delicate, perhaps chitinous, membrane. The body is radi- 
ally lobate in two nearly alternating series; there are perhaps 17, but more like- 
ly 16, krobby “knots” or lobes in the outer series and only 12 or 13 in the inner 
one TPetween some cf the Icbes there appear to be narrow and deep natural 
sulci, which seem in some instances to have been lines along which deeper fold- 
i-g cr breaking of the membrane occurred. Over the entire surface are closely 
spaced, undulatory concentric furrows; these lend a rugose appearance to the 
knobby and lobate cast. 

From data to be brought out in ensuing discussion of the Cortland specimens, 
it seems that a diagonal crease from the NW-SE, the lengthwise axis being N-S, 
may represent a meager relict of a sail structure such as that known only in the 
velellid siphonophores. 

In assigning the Cortland specimens to Plectodiscus and evaluating them as 
specifically distinct, the genotype features have been analyzed in the following 
manner. Generic, and probably familous, traits include: the elliptical outline and 
compressedly conical shape; chitinous, or chitinoid, external membrane (?) ; 
concentric sulci which give a corrugated appearance; large size (genotype is 
125 mm. by 110 mm.) ; and (new observation) presence of a diagonal keel or sail. 
Specific criteria would appear to be such details as: deviation in outline, contour 
and elevation of the cone (and disk) ; size variations ; variations in “ornamental” 
features, such as radial and concentric corrugations and knobs, “knots” and boss- 
es; of particular value would seem to be deviations in direction of orientation, size 
or shape of any sail structure, as well as variations in proportion and plan of 
the component sail parts. 

Obviously, with so very little known of these enigmatic fossils, it is impossible, 
statistically, to weigh their morphologic features. Throughout, we have ad- 
mittedly been influenced by the conviction that we deal with siphonophores and 
have been freely guided by current zoological evaluation of taxonomic features 
among the living organisms. 
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Plectodiscus cortlandensis Caster, n. sp. 


Plate 1, figs. 1-7; text fig. 1 


The following description is based on four adequate, but incomplete, natural 
molds and casts of two individuals. They are ellipsoidal disks, measuring in the 
holotype 135 mm. by 104 mm. along the normal axes, and in the paratype about 
Ico mm. by 75 mm. All of the features are shown by the photographs and the 
finding-diagram of the holotype (text fig. 1). In the frontispiece, a restoration has 


Figure 1.—Gereral plan and finding-diagram of the features shown on the natural mold and 
east of Plectodiscus cortlandensis Caster. The orientation is that of the cast and original 
organism. The parenthetical comments which follow are based on similarities to the velellids 
(disconecta'e Siphonophora). The compass directions (NESW) are conventional designa- 
tions of the radii of Porpitas and Velellas. A-A’ arcuate, irregular furrow at base of the 
trapezoidal area; probably in the main due to slipping of the toppled cone from its original 
position at k’-k’ to its present one at k-k; a reéntrant apex of the toppled cone (either the 
position of the aboral pore of the first pneumatocyst, or a reflection in enwrapping subsequent 
pneumatc¢yst crests of te fundamental reluctance of the mantle to cross the zone of the aboral 
pore); a’, a”, a’”- concentric lobation of the cone in a shallow suleus on the wall of the 
cone which was probably continuous with the F suleus of the disk (all presumably reflecting 
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been ventured of the life appearance of the organism possessing the structures 
abcut to be described. 

The holotype (natural external mold and cast), as shown in text figure 
1, give nearly a complete outline of the disk, which for convenience of 
description may be divided into the disk proper and the central trapezoidal area. 
The entire surface of the disk has a concentrically corrugated appearance due 
to shallow, subangular and concentric grooves only a fraction of a millimeter in 
depth. These are progressively more widely spaced toward the center of the 
ellipse. The peripheral spacing is more crowded on the N and S sides than on 
the E and W ones (text fig. t for these and subsequent symbols). On the N-S 
(t-t’) axis the concentric sulci are 3 mm. apart at 17 mm. from the center; 2 mm. 
apart at 22 mm.; from this point to the periphery the spacing grows closer until 
they are nearly in contact. The grooves are asymmetrical, the steeper slope be- 
ing consistently peripherad. Poth the concentric course and the amount of de- 
p-ession cf the sulci are variable, largely in accordance with a multiplicity of 
sallow radial corrugations of the disk. The net result is a somewhat rugose 
appearance, (see Pl. 1, figs. 6, 7). In the several small areas of the disks, delicate, 
closely spaced, radial raised lines, possibly corrugations, cross the concentric cor- 
rugations. 

As shown in text figure t, several furrows and crumples traverse the holotype 
disk. Most prominent and unequivocally original is that marked F along the 
radius f-f{’. It appears to follow a somewhat undulatory course to the periphery 
of the disk, but no sign of the groove is seen on the opposite side of the disk, 
where, however, two radii, G and H, appear to converge on the center and either 
of which might be the sinuous continuation of the F furrow. Since the furrow 
marked X is without either an opposite or NE quadrant equivalent, and does not 
seem to be radial, it is judged to be an adventitious crumple of the disk. The 
crumpling marked as an arc, A-A’, appears to be, in part, deformation of the 
disk caused by the toppling of the once erect structures now impressed in the 
trapezoidal area. 


the central hiatus in the pneumatocyst ridge occupied in the Rataria larval stage by the closed 
aboral pore); d- deltoid suleus (possibly a vascular sinus at the erest of the pneumatocy o< 
ridge on either side of the keel (A), or merely the abrupt change from gaseously inflated 
chambers of the cone to bifoliate chitinous keel) ; F- principal radial suleus of the disk (pos- 
s-bly the W half of the primary groove occupied by the main vascular vessel to cross the disk 
from the limb of the mantle); f-f’- probable course of the F radius if completely recorded; 
G, H- radial sulei of the disk (G may be the sigmoidal continuation of the F furrow, or more 
likely the two are remnants of the original (Ratarula) radial suleation of the larva); K- 
keel (sagittal chitinous crest above the pneumatocyst ridge; support for the sail mantle) ; 
k’-k’- probable original axial position of the k-k present axis of the trapezoidal area; L- 
naturally compressed, elongate cone (probably in the main the centradenial, ‘‘liver’’, cone, 
but quite possibly occupied from the a” point to the apex by inflated chambers of the pneu- 
matoeyst ridge) ; /-/’- longitudinal axis; m- hiletercl depression of the keel; n crowning bor- 
dure (possibly shrivelled free mantle, extending beyond the keel; more likely delicate wrinkled 
edge of the keel); o- three limbate apertures in the concentric rings (correspond in axial 
position and general morphology to the initial stigmata of Velella) ; 0-0’- projected NW-SE 
axis of the o pores; t-t’ transverse axis of disk; v- anastomosing vascularlike marking of 
the keel; z- adventitious furrow. Based on University of Cincinnati specimens No. 24081A,B. 
Drawn by Anneliese S. Caster. 
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The trapezoidal area (L and K) in the upper half of the disk has been pains- 
takingly excavated under the microscope. The features of the K area are well 
shown on the cast and the details of the deltoid area L have been revealed on the 
mold (Pl. 1, figs. 1, 2, 4). They seem almost certainly to represent a recum- 
bent, but onetime vertical, keeled and boatlike elevation along the general line 
of the transverse axis (N-S) of the disk. The median, over-all length (height) 
of the area (f’ to arcuate crest) is about 34 mm. The base of the trapezoid is 
about 55 mm. Within the trapezoid, three subareas (L, K and nm) are clearly 
outlined. In the mold L is a trigonal depression, 30 mm. high, deepest at the 
crumpled base (A’-f’-A) and becoming shallower toward the apex and the two 
legs. Along the midline (a-f’) of the mold a broad swell occurs, on which three 
lobes, concentric with the reéntrant (a) apex, are found. (See text fig. 6 for 
details of this area.) The basal cross-section (parallel to the plane of the disk) 
of this trigonal area in life must have been lenticular with shallow, subangular 
concavities where the maximum convexity of the lens would occur,—presumably 
very similar to the condition seen in figure 5, D. In life, the L area was apparently 
a compressed. cone, on each face of which was a furrow, probably corresponding 
to a continuation of the F sulcus of the disk. The presence of the furrow on the 
far (E) side of the cone, suggests that the G furrow of the eastern half of the 
disk is probably a continuation of the F furrow of the west. The compression 
of the cone had apparently progressed so far that the faces met acutely, but on 
this crestal carina there was apparently a crowning depression now represented 
by the triangular furrow d which delimits the deltoid area from the K area, On 
the cast there are two faint lines converging from the reéntrant apex of the cone 
to a point a little below the position of the first concentric loke of the mold (the 
concentric lobes are not preserved on the cast). 

Rising above the compressed cone as a sagittal crest is a broad, trilobate and 
shallow imprint (K). The outline of this area superimposed on the deltoid area 
of the cone, completes the central trapezoid. The sides of the keel are now sig- 
moidally arcuate ; they appear to originate at the basal angles of the cone and rise 
more steeply than the legs of the deltoid area; at about the level of the top of the 
cone, the arcuate sides of the keel begin the reverse curve which forms the border 
of the upper expansion. The upper edge of the crest is broadly trilobate, At 
the level of the truncated cone, the keel area is 30 mm. wide and about 15 mm. 
high. From the a reéntrant apex, the outer angles of the keel measure about 
25 mm. On either side of the vertical axis, in the broadest part of the keel, 
there is a shallow depression in the mold (m) which suggests the flexibility of 
the K area and perhaps a congestion of mantle substance here. The surface of 
the K area in both the mold and cast shows anastomosing furrows intimating 
vascular markings (I). The entire periphery of the keel area in the cast is delim- 
ited by a shallow grove (7). This may represent a very thin flexible and peripheral 
border. 

At the place marked 0 on the text figure 1, (Pl. 1, figs. 2, 5) the holotype 
carries three limbate pores or porelike apertures on the first three concentric 
rings outside the trapezoidal zone. The extension of this linear series makes 
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about a 45° angle with the N-S transverse (t-t’) axis. If the pores series origi- 
nally extended to the periphery of the disk and on the opposite radius, it will have 
to be determined by new material, for it so happens that the surface of the present 
specimens is destroyed in just those areas where extension might be expected. 

The paratype (Pl. 1, fig. 3) appears to preserve the exterior aspect of the 
inferior surface of the disk. It is a smaller individual than the holotype, but 
is too badly warped and crushed to make present proportions very reliable. 
In the upper concave area of the fossil, a large Grammysia shell had come to rest 
and had all but destroyed the disk details. The area marked L on the photo- 
graph may represent half of the compressed cone shown on the holotype. If 
this is correct, the other half of this deltoid area was completely destroyed be- 
neath the pelecypod shell. The crushed zone at F on the photograph probably 
corresponds to the similarly marked sulcus on the holotype. The furrow shown 
as 4 would appear to be a lateral extension of the keel line. Unfortunately, the 
specimen is too poorly preserved to indicate how much, if any, inferior cavity 
correlated with the conic elevation above the disk. The surface details of the 
disk are better preserved on some areas of this specimen than on the holotype. 
The very fine, radial corrugations show especially well, and likewise the waver- 
ing nature of the concentric sulci (Pl. 1, fig. 9). The arrow indicates a sharp 
fold in the disk and seems to demonstrate that the original substance was both 
tough and flexible. 

Occurrence.—The only occurrence of the species is that of the types, in an 
abandoned flagstone quarry on the east side of New York State Highway 13, 
about 1.5 mile northeast of South Cortland and about 1 mile southwest of the 
corporation limits of the city of Cortland (as of the topographic survey of 1913). 
The elevation of the specimens was approximately 1210 A. T. They came from 
the upper and more weathered quarry face. All original substance has been 
leached away, leaving only manganese stain between the molds and casts. The 
stratigraphic horizon lies in the upper part of the Ithaca formation which is here 
made up of olivaceous mudstones and micaceous flags. The facies is much the 
same as that of the Devonian section at Ithaca, New York. 

Associated with the disks are many fossils, most common of which are: Camar- 
teechia eximia, Paleoneilo constricta, Fenestrellina, sp., Spirifer mesacostalis, 
orthoceroid cephalopod fragments, a very thin-shelled variant of Grammysia 
elliptica, and much very finely divided plant substance. 

Paleontologic comparisons.—Although at first glance there is little similarity, 
except in general outline and type of ornamental detail, between Ruedemann’s 
Plectodiscus molestus and the Cortland species, closer examination indicates that 
they are probably congenerous, although diverging widely on details judged to 
be only specific. Ruedemann’s specimen is either compressedly cone-shaped or 
was distorted during fossilization. The great knots and lobes suggest more the 
warping of an already conical disk than of a much flattened one. The preservation 
is such that we cannot make comparisons between the sails (if the diagonal ridge 
in Ruedemann’s specimen is a sail remnant) except for general orientation, in 
which they seem to agree, with this exception, that the N-S axis of P. molestus 
appears to be greater than the E-W. Of this fact we cannot be sure because of 
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the possibility of crushing in Ruedemann’s specimen. The knobs and lobes of 
the specimen may be in part shrinkage, but certainly not wholly so; nor can 
they be completely accounted for as adjustment to underlying soft parts such as 
gonozooids and feeding polypites. 

Only more material from Cortland or Ithaca showing intermediate forms or 
further details of differences can really settle the question of just what is the 
relation of the two species, and the real nature of the genus. It is highly im- 
probable that Ruedemann’s original site® will ever be available again but hundreds 
of equivalent exposures exist in the Ithaca region. That P. molestus has never been 
found, before or since, despite more than a century of rather intensive geological 
study of the Ithaca region, attests to its rarityy. 

Types.—The types of Plectodiscus cortlandensis have been given to the Uni- 
versity of Cincinnati Museum: holotype, No. 24081 A, B; paratype, No. 24080 
PN, 1k 

Speculative Biology 

Let us now turn to the possible biological explanations of the structures pre- 
served on Plectodiscus cortlandensis. The generic discussion and figure 1 have 
already suggested some of the data from which it is urged that the organism was 
a hydromedusan of velellid aspect. This opinion, which was approached in the 
first stage by elimination, and later furnished its strongest support by accident, 
has been materially fortified by the results of much closer inspection and com- 
parisons than at first was even dreamed would be profitable. 

When first recovered, and before the details of the trapezoidal area had been 
worked out, the specimens seemed to show no features which would bar them 
from belonging equally well to any of a variety of organisms. As a possible bul- 
wark against snap-judgments inimical to the present considered views, it seems 
worthwhile to review briefly some of the “leads” that have at one time and an- 
other since 1934 seemed promising. 

Brachiopoda—Because of certain gross resemblances, some of the large dis- 
cinoid brachiopods were seriously examined by the writer and urged upon him 
by others. Lindstramella and Cehlertella grow to large size in the Middle De- 
vonian and might be expected in the so-called recurrent Middle Devonian fauna 
of the Central New York Upper Devonian. These shells do possess certain 
analogous characteristics (see, for example, Hall and Clarke, 1892, pl. 4, E). 


+ The writer experimented with several floats of modern Velella and found that they do 
not tend to shrink appreciably when they become dry, nor do they develop deep or confusing 
furrows and folds. After all, they are comprised of closely appressed chitinous tubules, and 
when freed from the mantle, as they easily are, carry with them almost no fleshy tissue which 
might warp or shrink. Moreover, they are too resilient when embedded in the mantle to make 
any adjustment to underlying fleshy structures. While the floats might yield to extraneous 
harder objects in the embedding matrix, it seems quite unlikely that they could be made dur- 
ing fossilization to convey any secondary impressions of their fleshy appurtenances, 

5 According to Ruedemann, 1916, his specimen came from ‘‘a quarry one-quarter mile 
south-east of the fairgrounds’’ at Ithaca. Although there are no bedrock exposures in any 
direction from the Ithaca fairgrounds for well over a quarter of a mile, the specimens prob- 
ably came from the dross of one of the two quarries shown on the Watkins Glen-Catatonk 
small-scale map (1909), to the southeast about half a mile on the hillside. The quarries are 
in the Middle and Upper Ithaca, but have long since been abandoned. 


_ + See preceding asterisk (*) footnote. 
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Neither the complete absence of phosphatic substance nor the evidence of a very 
thin “shell” served as deterrents, for almost all calcareous material is completely 
leached out of fossils in the near-surface exposure of the Ithaca formation. The 
giant neotremates appear to have had quite thin shells, but few, if any, orbiculoids 
are known to have attained, or approached, the size or the elongate, ellipsoidal 
outline of the Cortland specimens. The resemblance in concentric ornament is 
revealed by closer scrutiny to be superficial, for the surface of the brachiopods 
is varicose or rugosely foliar, whereas in these, it is excavated by subangular sulci 
which create the illusion of corrugation. The most telling surface similarity is 
between molds of the Cortland fossils and the positives of the brachiopods ; these 
are strictly incomparables. It has been urged that the F furrow of the fossils 
might be the listrium of a neotremate, but this clue proved sterile when the trape- 
zoidal area was excavated. Although somewhat recalling the outline of the brachial 
adductor scars of Lindstramella, this zone in our fossils is on the planate disk, 
and no such area occurs on the flat, listrium-bearing ventral valve of the brachio- 
pod, nor, to take another tack, is the orientation of the deltoidal adductor cicatrice 
in relation to the median septum the same as the L triangle and the / furrow. 
What is more important, the evidence of preservation shows pretty well that the 
certral area is no muscle scar, but a recumbent, compressed cone, partially filled 
by matrix. 

Other organisms were passed in review. There is a certain similarity to cycloid 
fish scales of the Naucrates type, although the disks are far larger than any known 
unequivocal fish scales of this type, and show no roughening or furrowing such 
as one rather expects in the region of the fish scale overlap. Or, again, they might 
be dermal plates of fish, if not scales . . . but this line of speculation, like many 
others, seemed pointless when the central cone area was revealed. It had been 
reasoned that the disks might be the aptychi of one of the many large Portage 
cephalopods, none of whose opercula is known for a certainty; or again, could 
they be the undivided scutella of large and very primitive hymenocarid crusta- 
ceans ? 

Celenterata.— Jellyfish” was the first label given the specimens in 1934. Al- 
though the concentric banding of the disks superficially resembles the circular 
muscle sulcation of many fossil scyphomedusze, such as the famous Jurassic ones 
from Solnhofen (e. g., Walcott, 1898, pls. 41, 43), the elliptical shape and absence 
of radially symmetrical features, when coupled to the evidence that the disks 
were originally flexible, cartilagenous plates, rather than yielding gelatinous um- 
brellas, proved inexplicable. 

It was soon realized that ours partook of Ruedemann’s Plectodiscus enigma, 
and for a while Ruedemann’s suggestion that his problem child might be another 
(perhaps sole or undersurface) aspect of Paropsonema, seemed as good as, if not 
better than, any other; especially so, since he agreed with Fuchs (1905) in view- 
ing Clarke’s fossil as a porpitid siphonophore, and (seemingly contrary to evi- 
dence) the Ccelenterata had persisted as a most-favored receptacle in the work- 
ing-hypothesis niche of the writer’s mind. 


71 PaLEozoIc SIPHONOPHORES: CASTER 15 


The matter rested until the discovery of the Ordovician disks to be described 
below. Study revealed that they, like Paropsonema, were probably porpitids. 
Curiosity prompted comparison with the Cortland specimens, whereupon further 
preparation of the Devonian material quite unexpectedly revealed a Velella-like 
keel or sail. This clue seems to solve the Plectodiscus problem (or, at least, ap- 
pears to account for the Cortland specimens). In this light, nearly all of the 
puzzling factors fall into place. 

Assuming for the moment the correctness of this correlation (proof to follow), 
it now seems that both branches of the disconectate Siphonophora existed side 
by side on the high seas of the Devonian just as they do today. The radial and 
concentric fractionation of the float of Paropsonema seems to be of the general 
Porpita type; Plectodiscus seems to have been a Devonian ‘“‘by-the-wind-sailor.” 
There is nothing to indicate, however, that these two fossil expressions of the 
Choncrophore were even as much alike as l’elella and Porpita are today. 

Comparison with the Siphonophora.—The mature morphology and the larval 
development of the float of Velella particularly concern us here, for there appear 
to be important correlations with Plectodiscus cortlandensis at all stages of 
growth. But in order to understand the ontogeny and function of the polythala- 
mous pneumatophore, we need to know something of the soft anatomy and biology 
of the living cormidia. 

As the name implies, the Velellidee are wind-blown sailors, They are eupelagic 
and planktonic organisms of the warmer high seas, drifting with winds and cur- 
rents. Storms often blow vast flotillas of them ashore or into waters of killing 
coolness. They are commonly cast up on the British and French coasts (Russell 
and Yonge) by the Gulf Stream currents, and after storms, Agassiz (1883) and 
others report them by the thousands on the Florida and West Indian beaches. 

The complete life cycle of Velella has been a matter of dispute and ignorance 
until quite recently. LeLoup (1929) gives a very fine summary of the biologic 
cycle in his survey of the anatomy and development of Velella velella (spirans) 
of the Mediterranean. The gonozodids of the mature hordes of Vele/la give rise 
to vast numbers of Chrysomitra meduse which sink to the depths. What hap- 
pens to the newborns has long been a matter of debate. Modern workers have 
been able to show that only those born on the high seas survive into the next 
ontogenetic stage. LeLoup says (p. 329) that those born so as to come to rest 
on the continental shelf are doomed to inevitable destruction, In the open sea 
the medusz give rise to bathypelagic larvee known as Conaria whose environment 
is as much as 1000 meters beneath the surface. In time a chitinous pneumatocyst 
begins to form in the ccenosare and as soon as it can be partially distended with 
gas, the long ascent to the surface commences, This ascendant stage is known 
as the Ratarula.® 

As soon as the Ratarula attains the surface, a tiny two-lobed manticular sail is 
erected and the larva takes its place as a sailor of the high seas. Further growth 


6 All of the larval growth stage terms originated as generic names before their synonomy 
with Velella was realized. Even so, as early as 1834, De Blainville was urging that Esch- 
scholz’s (1829) Rataria was a young Velella. Chun (1897) demonstrated beyond controversy 
that Velella is the sole representative of the family and that all the many other velellids de- 
seribed are larval stages of Velella. 
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in this earliest sailing stage, the Rataria, results in additional pneumatophore 
chambers and some very interesting and important metamorphoses that we will 
need later to consider in greater detail. After the third or fourth pneumatophore 
chamber is added, the plan to be pursued in further enlargement of the float is 
established and the l’elella stage is attained, although the corm is as yet only a 
few millimeters across, Subsequent changes in the Velella stage are largely 
matters of warping of the float disc in conjunction with the perfection of a large 
sigmoidal sail. Some of these larval changes are shown in figures 4 and 5, and 
the progressive changes in float symmetry are shown in figure 3. 


Figure 2. Generalized morphology of a submature corm of Velella. Frontal vertical trans- 
verse section along the oro-aboral axis. The axis of the stigmata (S4) has been shifted some 
30° to the right in order to clear the sail and for convenience of perspective. Cc- chitinous 
canals from the central pneumatocyst chambers to the centradenia; cg- initial and main gastro- 
zooid; cp- pneumatocyst crest at base of keel; ex- exumbrella; gl- growth lines on keel; gz- 
gonczodids; hv- hepatic vesels, or vs- vascular system; k- chitinous bifoliate keel; kv- vascular 
sinus at base of crest; cd- central ‘‘ liver mass’’ or centradenia; mec- collarette of the mantle; 
ml- free limb of the mantle; ms- sail mantle; pn- pneumatophore or float; pe- pneumatocyst 
chambers of the float; SA- stigmata axis; st- external pores of the pneumatocysts (stigmata) ; 
tn- tentacles or tentaculozodids. Much modified from Hyman, 1940. 
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The mature “by-the-wind-sailors” share with the other disconectate siphono- 
phores a relatively simple organization of the corm. The general morphology 
is shown in text figure 2. From the chitinous, multichambered pneumatophore 
(pn) embedded in the manticular ccenosare (mc), depends a central (original) 
feeding polyp (cg). This is eventually surrounded by secondary feeding poly- 
pites, reproductive zooids (gs) and circlets of peripheral stinging individuals (tz), 
“tentacles”. The exumbrellar surface is only partially supported (mc) by the 
pneumatophore; a wide peripheral zone of mantle, the free limb (ml) surrounds 
the pneumatophore area. The mantle extends (ms) over the chitinous keel (k) 
which arises from a sigmoidal crest of the pneumatocysts (cp). 

The floats cf living or preserved corms are very loosely attached to the 
coenosare and are freed from the mantle cover by the slightest rupture. Pneu- 
matophores of capsized “sailors” often wash ashore in vast numbers and when 
dry, blow about like tissue paper on the beach (Agassiz). In both the living and 
formalin-preserved corms, the chitinous float has much the appearance and resil- 
iency of cartilage; when dried it is a tough hyaline membrane which retains its 
air spaces and essential contours. The buoyancy is achieved by tubular pneu- 
matocysts (pc) arranged concentrically about an initial globular air chamber. 
The early pneumatocyst tubules are lunate in cross-section, but as the disk grows 
larger they become nearly rectangular in section and much higher and narrower 
than they are in early annuli. The external effect in the pneumatophore disk of 
this change in pneumatocyst section is closer peripheral than apical spacing of 
the surficial corrugations formed by the exposed surfaces of the tubules. The 
earliest part of the J’elella pneumatophore rises in a tiny pointed cone (really 
bell-shaped originally) while the remainder slopes in gentler angles into the 
sigmoid disk of maturity (see below). The maximum peripheral thickness of 
the largest pneumatophores is probably not much over 2 mm. Over the entire 
surface of the disk there are extremely delicate, but slightly varying radial corru- 
gations of the chitin in accordance with a multiplicity of vascular vessels crossing 
the disk from the limb of the mantle. 

Since the floats are chitinous, we might expect them occasionally to be fossil- 
ized. The Devonian disks show almost perfect correlation thus far in surface 
details. They were probably entombed while still turgid with the pneumatocysts 
filled with water. Quite likely the drifting floats of dead cormidia become water- 
logged and sink to the ocean floor in the same manner as preserved specimens 
eventually lose their buoyancy. It requires several hours for a float dissected 
from a formalin-preserved specimen to achieve its lifetime buoyancy. 

Although the average size of Velella floats would probably be about an inch 
and a half, some do attain, according to Agassiz, to as much as four and five 
inches in length, which is well within the range of Plectodiscus. There is con- 
siderable variation in the nature and amount of convexity of the floats both be- 
tween “species” and at various growth phases of any one species. In general, the 
floats are conical or cupshaped in the earliest phases of growth and gradually be- 
come asymmetrical, v-shaped, inverted troughs in maturity, due to a tendency 
of the otherwise flat disk to fold along the pneumatophore crest at the base of 


18 PALHONTOGRAPHICA AMERICANA (III, 14) 74 


Figure 3. Ontogenetie and specific modifications in the outline and symmetry of the im- 
mature velellid pneumatophore. The directions are those of a conventional wind rose with 
which there is perfect oetoradial correlation in the early larval state. A. Conaria, bathypelagic 
stage of the larva of Velella velella (spirans): a single cireular pneumatocyst chamber.  B. 
Ratarula ascendant stage of the larva: a single oval chamber, barely beginning to elongate on 
the axis where the first bilobed fleshy sail is yet to appear. C. Intermediate phase of the 
Rataria first sailing stage: ellipsoidal central chamber creased by 8 radial sulci supported be- 
neath by sickle-shaped ramparts; second annular chamber formed beneath the first (inward 
extension on inferior surface indicated by oval dotted line) ; 8 canals grow upward from the 
second chamber along the radial furrows of the first (shown by dotted area); bipartite fleshy 
sail along the N-S axis (diagonal ruling’) interrupted at closed aboral pore (central dot) ; 
primary external pores (stigmata) indicated by (+) on the NNW-SSE axis; first intercom- 
munication pores (pneumatopyles) indicated by (0) on NNE-SSW axis. D. Rataria cristata 
Haeckel (early Velella stage of a corm, the mature phase of which has not yet been identified) : 
several collateral pneumatocyst annular chambers formed; the 8 chamberlets (canals) of the 
second one have been joined to form a lobate annular chamber about the initial one. N-S 
as well as the usual E-W sulci persist in this form; bilaterally symmetrical; ap- closed aboral 
pore; wp- first pneumatocyst; ep- collateral pneumatocysts; pp- pneumatopyles; ist- first pair 
of stigmata; sp- second pueumatocyst. E. Early Velella stage (Armenistia sigmoides 
Haeckel) : inferior view of the float; showing asymmetry developing in contrast to same stage 
in Rataria cristata, above; tz- primary tentaculozodids. F. More advanced stage of the corm 
of the velellid known as Armenistia sigmoides: antero-dextral and postero-sinistral symmetry 
further developing out of condition seen in E, above. G. Float of a young corm of Velella 
velella (mutica): showing initial keel developing, sinistrogyrate pneumatocyst erest, and 
parallelogramoid outline; st- stigmata; pe- pneumatocyst crest; ik- initial keel. H. Young 
Velella velella (spirans): sigmoidal symmetry of this most specialized sailor is well begun; 
following the condition seen in C, above, there is greatly accelerated growth in the E-S and 
N-W sectors and consequently the radial axes are twisted into an S and the pneumatocyst 
chembers become parallelogramoid. By confluence of the canals of the second chamber it 
has become perfectly concentric with the first, although the lobation of the first chamber is 
imposed upon it, but does not appear on the collateral chambers; the axis of the first stig- 
mata (+) makes a cross with the axis of the succeeding ones; in this species, the stigmata 
of the Velella stage nearly coincide with the pneumatopyles; the oval dotted areas on the N-S 
axis represent the elevations of each aériferous chamber on the pneumatocyst crest at the base 
of the keel. A-C, H from LeLoup, 1929; E,F- from Haeckel, 1889; G- from Agassiz, 1883. 
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the sail. As seen in text figure 5, D, the early elevated and conical portion of 
the disk tends to be flattened so as to have a lenticular cross-section. The high 
central cone of the early stages is to accomodate a much higher and proportion- 
ately larger centradenial “‘liver’’ mass at that stage than later exists. Figure 
5 shows this early campanulate float and conical liver mass. The modern sailors 
lose the high, compressed centradenial cone while they are still only a very few 
millimeters across, yet the rehearsal may have considerable biogenetic bearing, 
since the proportional height of the cone and general shape is almost precisely 
that seen in the L area of Plectodiscus. While it is possible that the entire L 
cone of the fossil is homologous with the temporary centradenial cone of Velella, 
the three reéntrant furrows (a’, a’, a” ) suggest, as will come out in discussing 
the sail, that the “liver” gland may not have invaded the area past the a” re- 
entrant. It rather looks at this time as though the compressed float about the 
centradenial cone served as the main mass of the initial sail in the velellids, and 
that this was gradually supplanted by the pneumatocyst crest which in turn was 
replaced in large measure by the keel. 

The outline and symmetry of the pneumatophore likewise undergoes consider- 
able metamorphosis between the stage of an initial globular chamber and that 
of the many-chambered mature float. Three larval stages in the growth of 
Velella velella (spirans) (AC) and an early mature stage of the same (H) are 
shown in text figure 3. Figure 3, D, E and G are early phases of maturity in 
other velellids less specialized than l’. v. (spirans). Figure 3, F corresponds in 
growth stage to H, but illustrates a somewhat different symmetry and outline. 
The details of these various stages of float growth are rather fully covered in the 
figure legend. There is every reason to suppose that we may eventually dis- 
cover fossil siphonophores corresponding in maturity to all of these various growth 
stages, and to many others rehearsed by other species? not here shown. The 
velellids are a protean clan. 

Of the eight radial furrows present on the first pneumatocyst, only the E-W 
one persists onto the subsequent annulations of the Velella stage. Traces of the 
others sometimes continue in the Rataria and early Velella stages while the float 
is a caplike cone. The N-S sulcus may continue to be fully as well developed 
as the E-W one for some time, as for instance in the form described by Haeckel 
as Rataria cristata (fig. 3, C). The E-W furrow becomes the course of the prin- 
cipal vascular vessel to cross the disk from the limb of the mantle, while the N-S 
furrow is supplanted by the rising pneumatocyst crest along either side of which 
hollow vascular furrows attain the center. The E-W furrow eventually continues 
onto the keel of the sail. 


‘ Although a large number of species of Velella have been described from Atlantic and 
Pacific waters, several modern students of the group, notably Chun (1897) and Bigelow 
(1911), hold that, at best, only two extremely protean species are living today. One species 
has a tropical Atlantic center of dispersal and the other, the tropical Pacific. Velella velella 
Linneus appears to have priority over all other species proposals for the Atlantic (Mediter- 
ranean-Caribbean) velellids. The sigmoidal warping of the pneumatophore (V. spirans) 
appears to predominate in the eastern Atlantic and Mediterranean, whereas the rectangular 
float characterizes the ‘‘sailors’’ of the Gulf Stream and the Caribbean. Curiously also, ae- 
cording to Bigelow, ‘‘right-handedness’’ of the sail, which Agassiz showed to be exeeedingly 
rare in the Atlantic realm, is not at all uncommon in the Pacific species and varieties. 
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Although the outline of Plectodiscus cortlandensis is comparable with the float 
outline of Rataria larve, there is this important difference: the larval float is 
elongated on the N-S axis whereas the fossil appears to be elongated on the E-W 
one. It seems much more likely that the course of the sail has always been in 
general N-S, as it is today without exception, than that the shape of the disk has 
remained constant while the orientation of the sail shifted. As a matter of fact, 
in the Rataria, the first sail appears on the N-S line prior to the elongation of the 
first pneumatocyst. We see today in such forms as the aforementioned FR. cristata 
(text fig. 3, C) only slight polar elongation, and there seems to be no reason why 
some strains of the velellid stock might not have specialized in oblation of the E-W 
arcs rather than the N-S ones. So far as the efficiency of the sail is concerned, 
the slightly oblique one on the transverse axis of an elliptical disk probably func- 
tioned about as well as the usual one on the lesser diagonal of a warped parallelo- 
gram. Should the asymmetric tendency now prevalent in the velellids continue, 
and the lesser diagonal become progressively shorter and shorter (e. g., text fig. 
3, F), we may end with an ellipse not unlike that of Plectodiscus. But it is not 
necessarily supposed that the Plectodiscus ellipse originated in this manner. 

The furrows of the Plectodiscus disk are radial rather than diametric, a condi- 
tion without living counterpart. The F groove of the fossil, essentially normal 
to the course of the keel, would correspond to the W radius of the E-W sulcus, 
and G may be its continuation. But we need more material before we can specu- 
late with profit on this point. Ruedemann’s specimen of Plectodiscus may retain 
the full complement of larval furrowings and would appear to have been com- 
pressed from E to W if the delicate ridge which suggests the keel line is really this 
axis ; otherwise the greatest length of the Ithaca specimen is essentially along the 
keel line. 

There are three types of apertures or ducts from the pneumatocysts of Velella. 
Of greatest systemic interest, but without fossil counterpart, are “‘tracheal” tubules 
(text fig. 2, c) which extend downward from the first few pneumatocysts into 
the centradenial mass. Too delicate for fossilization are the paired intercommuni- 
cation pores or pneumatopyles (text fig. 3, H) between all of the aériferous cham- 
bers. Peginning between the first and second chambers, the pneumatopyles occur 
on opposite sides of each annulation on the NNE-SSW axis. On the upper 
surface there is a diametric series of external, limbate and centrally phialine pores, 
the stigmata (st, fig. 2). A curious saltation occurs in the location of these aper- 
tures from their place in the NNW-SSE axis of the first and second chambers 
(text fig. 3, D) to essentially the NNE-SSW orientation of the pneumatopyles 
on all subsequent chambers (fig. 3, H). The stigmata are less regularly devel- 
oped than the pneumatopyles, and an occasional one, or even pair, may be delayed 
in development. In the Conaria stage the aboral pore of the first pneumatocyst 
is permanently closed by a chitinous plug (text fig. 4, pap) according to LeLoup 
(1929). Text figure 3 brings out the orientation of these apertural features. 

In Plectodiscus the three poriferous limbate rings (text fig. 1, 0) are quite like 
the rims about the stigmata of V’elella. Their position in the NW-SE axis agrees 
tolerably with the larval position of the first two sets of stigmata. The shift in 
position of these apertures which the larva so vividly rehearses (text fig. 3) may 
easily correlate with the progressive increase in the growth differential between 
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the accelerated N.NE.E.-S.SW.W quadrants and the retarded N.NW.W-S.SE.E 
ones. With the narrowing of the retarded sectors, the stigmata may have been 
crowded behind the sail and, for greater efficiency, shifted position some 45°. But 
“whys” are always imponderables. 

The sail is the most characteristic structure of the Velellid@. This has as its 
core in maturity a bifoliate, triangular and bladelike keel (#, text fig. 2) of chitin. 
Over this the mantle makes a perfect cover (ms, fig. 2) and extends beyond as 
a free, flexible margin. The keel rises diagonally from the disk, but on the N-S 
axis, in a slightly sigmoidal curve. The orientation of the sail on the pneumato- 
phore disk is consistently that of a heraldic bend—tfrom the dexter chief to sinis- 
ter base. In ever 2500 specimens examined off the Tortugas, Agassiz found no 
exception to this, as he called it, “left-handed” condition. (See preceding foot- 
note.) The proportions of the keel change considerably with astontogeny, but 
in maturity the baseline and the height of the keel are somewhat greater than 
the transverse (E-W) axis. The area of one side of the mature keel is usually 
about half the aboral surface of the float. Growth lines corresponding to some, 
but not all, of the pneumatocysts appear on the keel. These show modifications in 
the proportions of the keel at various maturing stages. The surface of the keel 
carries on each side a median vascular sulcus which appears to be a continuation 
of the main E-W hepatic furrow of the disk. Anastomosing vascular markings 
lightly mark the entire keel surface. 


Figure 4. Four stages in the development of Velella velella (spirans). A. Late Ratarula 
stage: N-S vertical section of the aboral area showing first pneumatocyst chamber (ipe) 
only partially chitinized and barely distended; aboral pore (ap) closed by an erect chitinous 
plug (pap) which is sometimes spoken of as the first keel; a fold of the collarette mantle 
(sm) rises along the N-S axis to form the first sail, but does not cross the aboral pore area. 
B. Early Rataria stage: section slightly oblique to the sail; greater distension of the pneu- 
matocyst and showing flattening of the plug of the aboral pore to form a covering over the 
aboral surface of the float; lm- limb of the mantle. C. Rataria stage; chitinization of first 
chamber of pneumatocyst nearly completed; coronal groove (cg) is beginning to divide the 
chamber into a float (pf) and a keel (pk). D. Early Velella stage: E-W section; first chamber 
of float now ellipsoidally extended along axis normal to the section and octolobate (see 
fig. 3); inferior surface of the chamber is invaginated for reception of the apex of the cen- 
tradenial cone (cd); keel lobe (pk) rising above the crown groove into the fleshy sail (ms) 
which now crosses the aboral pore without interruption; stigma of first chamber (ist) develop- 
ing; four collateral chambers of the pneumatophore formed (2-5); note the manner in which 
3 and 4 are progressively attached higher on the aboral surface of the first chamber and also 
how the first few pneumatocyst annuli reflect the high centradenial cone. Drawn from laryal 
sections of LeLoup, 1929. 
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It is obvious from text figure 1 and the photographs, that we have in Plecto- 
discus cortlandensis a transverse structure which recalls the velellid sail. Before 
entering into a detailed comparison, it seems advisable to touch upon certain larval 
developments of [elella which may help for a better understanding of both simi- 
larities and dissimilarities that exist between the trapezoidal area of the fossils and 
pneumatophorous structures of the living organism. LeLoup (1929) has given 
us the best picture of velellid larval development (text fig. 4). From the paleon- 
tologic point of view, it is unfortunate that the highly sigmoidal and therefore 
derived form, Velella velella (spirans) of the Mediterranean, is the only one as 
yet studied in such detail, for it would appear that this species tachygenetically 
eliminates several important steps in recapitulation that lesser-known forms (text 
fig. 5) appear still to retain. The composite picture that we get from LeLoup’s 
work and from the velellid larva, Rataria cristata of Haeckel (1888), neither 
the antecedent or ensuing stages of which are known, leaves very little to specu- 
lation as to the origin of the pneumatophore features. 

As soon as the Ratarula attains the surface, the erect chitinous plug of the ab- 
oral pore (text fig. 4, A, pap) becomes slightly flattened and elongated on the N-S 
axis to form a keel-like structure. At the same time the collarette of the mantle, 
which invests the entire upper surface of the pneumatophore except for the aboral 
pore, rises in a N-S fold—the first sail (text fig. 4, A). This is bilobed for, like 
the collarette, it fails to cross the aboral pore. The two-part sail persists for 
some time, during which the pneumatocyst becomes more and more distended ; 
8 radial furrows groove its surface (text fig. 3, C) ; about its base forms a sec- 
ond, ringlike chamber from which 8 chamberlets grow upward in the melonoid 
furrows on the first chamber; as growth continues the lobes of the second cham- 
ber fuse and an annular pneumatocyst, not unlike subsequent ones in appear- 
ance, results® (text fig. 3, D; 4, D). During most of this development the bilobed 
sail persists, and a median reéntrant continues for a while after the sail crosses 
the pore area (e. g., Huxley, 1859, pl. 11, fig. 9). Eventually the erect plug of 
the aboral pore is flattened and spreads over the upper surface of the lobate 
first chamber (text figs. 3, D; 4, B; 5, A, cpd). A crown groove (text fig. 4, C, cq) 
begins to encircle the aboral part of the now elliptical first chamber and slowly 
pinches off from it a small chamberlet which might be termed the first pneumato- 
cyst crest (fig. 4, C, pk). This crest is gradually compressed and lengthened in 
the N-S direction to become the first keel structure in the base of the fleshy sail, 
which by this time grows without interruption across the aboral pore (text fig. 4 
D, ms). 

8 Agassiz (1883) observed certain planktonic organisms in the Gulf Stream that showed 
the typical ratarian radial symmetry, but unaware of the nature of the larval changes that 
occur in Velella, he assumed that this 8-part organism, with eight chamberlets surrounding 
the initial float, despite its possession of a keel and functional sail, must be a Porpita, the 
adult of which its octoradial symmetry strongly recalled. Although De Blainville suggested 
as early as 1834, and Haeckel (1888A) some fifty years later showed the Rataria stage to 
be velellid, the erroneous statement of Agassiz’s has persisted to the effect that young Porpita 
possesses, only to lose, fully as fine a sail and chitinous keel as Velella. More recent studies 
have shown that one of the most fundamental differences between the velellids and the por- 


pitids is the faet that the aboral pore of Porpita is always open, and neither keel nor sail 
ever exists. 


> 
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This hesitancy of the mantle to cross the closed aboral pore is also reflected by 
the first few collateral aériferous chambers. In l’elella velella (spirans) (text fig. 
4, D) the second chamber, when finally completed, lies as an annulus largely be- 
neath the first. The third nearly completely enwraps the second and extends 
higher on the flanks of the first; the fourth encloses a large part of the third and 
extends still higher on the aboral surface of the first chamber than did the third. 
Put the fifth chamber, like all succeeding ones, fails to attain the surface of the 
first chambers, and begins the construction of a disk rather than contributing to 
the campanulate cone built by the first few chambers. This is the nature of the. 
E-W growth at right angles to the sail and pneumatocyst crest. No doubt 
in the N-S plane of the sail the early enwrapping of the chambers is somewhat 
greater, judging from the other velellids. One might argue from the mode of 
chamber addition in Velella velella (spirans) alone that at one time in its phylo- 
geny the early collateral chambers were wrapped rather fully about the first float 
chamber and that only gradually did a disk develop out of the early campanul- 
ate organization. Almost complete substantiation of this reasoning is seen in 
Haeckel’s (1888A) Rataria cristata of the “tropical Atlantic” wherein the prob- 
ably archaic condition prevails (text fig. 5). The differential manner in which 


Figure 5. Rataria cristata Haeckel, early Velella stage (LeLoup’s nomenclature) in larval 
growth of a cormidium, the mature aspect of which has not been identified. Length of float 
2mm. From the ‘‘tropical Atlantic.’’ Three views of an individual corm. <A. Aboral 
views: sm- vertical fleshy sail; cpd- lobate central disk of first pneumatocyst; pe- collateral 
pneumatocysts; ml- limb of the mantle, or free edge of the umbrella; tz- tentacles. B. Half 
lateral, half aboral view: ipe- first pneumatocyst; cd- centradenial cone, ‘‘liver mass’’. C. 
Slightly eecentrie vertical section, parallel to the transverse axis; fp- primary feeding polyp; 
gz- reproductive zodids; me- collarette of mantle; sf- first stigma. D. Horizontal section 
showing outline of the centradenial cone and early compression of the float on the E-W axis; 
hv- hepatic vessels; F- main vascular suleus across the pneumatophore; vm- vessels of the 
mantle. From Haeckel, 1888. 
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tachygenesis operates is beautifully demonstrated by comparison of these two sets 
of larval data: in I’. v. (spirans) acceleration has all but removed the early en- 
wrapping stage of pneumatocyst growth from the larval rehearsal, the while re- 
capitulating the keel origin quite satisfactorily, whereas in R. cristata the palin- 
genetic rehearsal of the pneumatophore growth is nearly perfect, but the earliest 
stage of keel development out of the first pneumatocyst is apparently not even 
intimated. 

Astontogeny, in accordance with Jackson’s law, intimates that the velellid 
sail is older than the multicamerate float, yet, obviously, it could not originate 
until the corm was surface dwelling (hyphalmyroplanktonic). The recapitula- 
tion suggests the one-time existence of mature sailors possessing only a single 
pneumatocyst and that probably having an open aboral pore (as Porpita still 
does). As long as the pore was open, the diametric sail remained bipartite. 
Possibly the bladelike upward extension of the chitinous plug that eventually 
closed the pore served as an intermediate wind-catcher between the two lobes of 
the sail. Py the time the plug had degenerated into a plate over the aboral area 
of the pneumatocyst the sail had probably begun to transgress the pore area. 


(OEE 


Figure 6. An interpretation of the trapezoidal area of Plectodiscus cortlandensis as an 
archaic pneumatocyst crest and keel of a velellid siphonophore. Restored in accordance with 
the fundamental lines of the fossil and in the light of recapitulatory evidence seen in larval 
growth of existing organisms. a- reéntrant apex of the conical area, drawn in accord with 
the margin of the last inflated pneumatoeyst chamber of the crest to invest the antecedent 
inflated chambers; reéntrant refleets primary hesitancy of mantle to cross aboral pore area; 
a concentrie reéntrants of antecedent inflated investing chambers of the pneumatocyst crest, 
showing persistence of hesitancy to cross aboral pole; cd- centradenial cone in base of the 
triangular area, corresponding to the matrix-filled basal part of the cone in the fossil, but not 
sharply delimited from the remainder of the triangular area; dvf -furrow. between the last 
inflated and completely investing pneumatocyst crest and the unexpanded subsequent investi- 
tures; occupied by the N-S vascular vessels, which join the E-W furrow at a, thus increasing 
the Cepression of the a reéntrant; cl- radial crest-lines, in accord with the morphology of young 
keels; derived from the compressed upward growth of the pneumatocyst crest on the first 
pneumatocyst; gl- ‘‘growth lines’’ of the keel; contacts of the bifoliate, unexpanded exten- 
sions of the pneumatocyst crest; ipe- position of the first pneumatocyst; iper- expanded 
and enveloping first pneumatocyst crest; k- chitinous keel, formed by uninflated extensions of 
the pneumatocyst crest; pe- annular pneumatocysts of the disk; per- mature pneumatocyst 
crest, the state seen in modern velellids, inflated part not enveloping preceding crestal portions. 
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If the ancestral corms even approached the modern average size, the single- 
chambered float must have been fairly large, and if it was as frail proportionately 
in those days as the initial larval chamber is today, it must have often collapsed 
on the open sea . Perhaps the 8 radial grooves that still develop on the primary 
axes of the bulb were, with their sickle-shaped internal buttresses, once a bolster 
against collapse.® 

The sail has proved to be the most dominant feature of the colony; after its 
appearance all structures of the corm were gradually modified to enhance sail- 
ing efficiency. Thus we see the initial float lving at the base of the sail, gradually 
becoming ellipsoidally warped along the sail (N-S) axis, and the entire um- 
brella and inferior structure correspondingly elongated, and laterally com- 
pressed. As we have seen, a crest formed on the N-S axis of the float, became the 
basal support of the sail, and was eventually compressed into the first section of a 
bifoliate keel or mast. 

When a second chamber was added to the float, it originated beneath the first 
one and progressively grew upward to enclose it. As might be expected, the 
upward growth would proceed most rapidly in the radial furrows on the sur- 
face of the first. At one stage of growth, the second chamber is markedly octo- 
lobate in alternation with the lobation of the first chamber. We must be pre- 
pared to find this state represented in the fossil record and probably should ex- 
pect the alternate lobation to be continued for many successive annulations. This 
archaic trait in the modern larva may explain the alternate lobation of the whole 
body that we see in the Ithaca Plectodiscus. In ontogeny the eight canal-like 
lobes of the second chamber merge to form a mature annulation not unlike all 
subsequent chambers in appearance. We cannot be sure from conflicting data 
whether the second chamber really completely encloses the first, except for the 
aboral pore area, as several of Agassiz’s (1883) and Haeckel’s (1888A) draw- 
ings suggest, or if it may not be that the condition observed by LeLoup (1920) 
really prevails: the second chamber remaining relatively inconspicuous and not 
reaching very far toward the aboral pole on the surface of the first pneumatocyst. 
It rather looks as though the third chamber to be formed is the one which sets 
a new mode in chamber formation, for it appears in most larve completely to 
enclose the second chamber and to overlap far toward the aboral pole of the 
first one. It is this chamber which initiates a new orientation of the stigmata from 
the NNW-SSE axis, on which they occur in the first two chambers, to the NNE- 
SSW axis that they are to occupy in all subsequent ones. Once more, we should 
expect that there once existed antecedents which developed floats in which 
several chambers nearly or completely encompassed all preceding ones. So 
long as this continued, the float must have had a compressed pear shape, most 
likely with an invagination on the oral surface for the apex of the high centra- 
denial mass. Probably the organism was as medusalike as modern Rataria. Pre- 
sumably the pneumatocyst crest, established on the first chamber, continued in 
fashion on all subsequent chambers to invest each the preceding. 

9 Perhaps some of the Paleozoic lobate Problematica, such as the Cambrian Laotira and 


Brooksella (Walcott, 1898), were floats of a comparable stage in siphonophore evolution, in- 
stead of being seyphomeduse or sea weeds. 
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All this time the compressive tendency on the E-W axis progressed, and the 
pear-shaped and then campanulate-many-chambered float, became more and more 
flattened (transverse section, fig. 5, D). Since the float was imbedded in the 
basal part of the sail (as in Rataria, e. g., fig. 5, C), which was as flat as possible, 
the elliptical cross-section progressively became compressed to a biconvex lens. 
This meant that the investing pneumatocyst crests of later chambers were more 
and more flattened. Eventually the crestal portion of each annulation was no 
longer inflated and became wholly a bifoliate keel within the sail. After the first 
few collateral chambers were added, apparently the tendency to encompass pre- 
ceding chambers was abandoned by each pneumatocyst ring, except for the small 
section on the crest, in the interest of building out a discoidal float to compen- 
sate for the ever-increasing sail, less and less of which could be retracted as the 
crests built up into a higher and higher keel. Although probably every buoyant 
annulation originally contributed to the keel, we see today that only an occasional 
pneumatocyst crest contributes to the increase of the lanceolate keel. This cre- 
ates the anomaly of many fewer encompassing “growth rings’ on the keel than 
there are pneumatocysts in the discoidal float (e. g., Agassiz, 1883, pl. 3). 

In accordance with this interpretation of the astontogeny of |”elella, a plausible 
rendition of the trapezoidal area of Plectodiscus has been attempted in text figu-e 6, 
the legend of which is sufficiently explanatory. This has been followed in mak- 
ing a restoration of the possible life appearance of Plectociscus shown as the front- 
ispiece. 

It would seem that with so many points of agreement between Plectociscus 
cortlandensis and the Velellide, we may be reasonably sure of genuine biologic 
relationship. That we are on the right track seems especially probable since not 
only does the living Velella help us to understand the fossil, but the fossil appears 
to contribute much toward a clearer understanding of velellid morphology and 
ontogeny. These clues indicate that a further search of the fossil record may 
yield much additional knowledge of the disconectate Siphonophora, for it now 
seems that we are dealing with an organic plan probably as old as the fossil rec- 
ord itself, and one that has undoubtedly intricately evolved during the millenia 
of the Phanerozoic. 

Family Porpitid# Brandt, 1835 
Genus Paleoscia Caster, n. gen. 


Genotype. 


Paleoscia floweri Caster, n. sp. MeMillan formation. Upper Ordovician. 

The new form-genus, being unique, partakes of the characteristics of the geno- 
type described below. 

Palzoscia floweri, Caster, n. sp. 
Plate 2, figs. 1-4 

All of the characteristics of the new species are shown in the photographs. 
Two specimens are at hand, one a nearly perfect circle, 75 mm. in.diameter, and 
the other, an incomplete disk some 210 mm. in diameter. Both show rugose cor- 
tugation of a delicate, flexible disk. We can infer that it was presumably chitin- 
ous in life, but only the imprint remains in the fossils. The smaller (holotype) 
disk seems to show shrinkage features in the major corrugations. 
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A porelike depression marks the center of the holotype. Radiating from this 
aperture are about 16 lines, apparently representing 8 pairs. They can be seen 
as very slightly depressed grooves on the central 10 mm. of surface. There are 
very indistinct transverse lines between some of the radii, No evidence of the 
radii is preserved on the remainder of the disk, The paratype is too poorly 
preserved to show surface features other than the broad concentric corrugations. 

Occurrence—The two specimens came from the middle of the Corryville 
member in the McMillan formation (Maysville subseries) of the Cincinnatian 
series, on the upper reaches of Stonelick Creek, approximately 1.5 mi. WSW of 
Newtonsville, Clermont County, Ohio. This is about % mile down stream from 
Route 131 highway bridge. The imprints are on the upper surface of an inch 
thick coquinite that grades upward into fine calcareous mud which has been 
deposited in undulatory lenses suggestive of inter-cotidal ponding and_ scour- 
ing. This general section of the Corryville carries the usual abundant Maysville 
fauna. It has recently yielded some gigantic conulariids’® and carries in other 
layers a rich crinoid fauna. Shallow-water phenomena are commonplace in 
this part of the local column, including very extensive trilobite burrows and 
channelings (Cruziana) as well as trails and tracks. Drag marks and other 
“fucoid” Problematica abound. 

Types.—Holotype: University of Cincinnati Museum, No. 24079; paratype: 
No. 24080. 

Discussion—Among fossils, there is none very closely similar to Pal@oscia. 
This is not surprising when it develops that the only generically comparable 
discoveries as yet are Discophyllwm Hall (1847) from the Snake Hill Ordo- 
vician of eastern New York, and Paropsonema Clarke (1900) of the New York 
Upper Devonian (see Ruedemann, 1934). Both of these agree with Palgoscia in 
showing a delicate radial organization with distinct concentric or transverse lines 
crossing the radii in such a manner as to suggest either a paired condition of the 
radii or a radial series of chamberlets. Neither of these fossils shows the strong 
concentric corrugation of Pal@oscia, where in turn the delicate radii do not con- 
tinue (on our specimens) beyond the central area of the disk. Pal@oscia ap- 
pears to be unique in preserving a central porelike opening. The similarities 
are, therefore, closest to the Snake Hill fossils. Paropsonema is quite differently 
constructed in a double or triple series of radial chamberlets, but seems to be 
an end variation of the same basic organic plan as Pal@oscia. 

Both Discophyllum and Paropsonema have in recent years been generally con- 
ceded to be ccelenterates despite their quite different original assignments. Fol- 
lowing the clue given by Fuchs (1905), Doctor Ruedemann (1916, 1934) showed 
how very similar the organization of Paropsonema is to modern porpitid 
siphonophores. He also brought out that the paratype of Discophylium, de- 
scribed and illustrated by Walcott (1898, pl. 47, fig. 2) as probably an acra- 
spedote medusa, was almost certainly of the same plan as Paropsonema, As 
Ruedemann (1916, p. 26) summarized their resemblance, “The concentric sys- 
tem of lines in the Discophyllum and young Paropsonema here figured are exact- 
ly identical, and there seems to us little doubt that the two are closely related 


10 The conulariids are being described by Mr. G. Winston Sinclair of Ottawa. 
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organisms belonging to the same class, whatever that may be.” 

Seemingly akin to Discophyllum and Paropsonema, as well as to Pal@oscia, 
is a Problematicum in the Swedish Cambrian described by Linnarsson (1871) 
as Astylospongia raciata. Pursuant to the objections of many of his contem- 
poraries, Linnarsson soon abandoned the assignment of his organism to the 
sponges. Nathorst (1881) pointed out its ccelenterate aspects and included it 
in his memoir on Cambrian meduse as Medusites, a rather meaningless but tra- 
ditional “catch-all” for fossil ccelenterate umbrella. Walcott (1898, p. 56), with 
even greater infelicity, assigned this to his MWecusina, and echoed Nathorst’s sug- 
gestion that it is a craspedote medusa. The Swedish fossils show radial pores 
between the radial plicee of one surface and a multiplicity of beaded “tentacles” 
along the radial plicee on the opposite side. Although the fossils are usually pre- 
served as disks, the central half is always distorted or destroyed. One specimen, 
of exceptional preservation, illustrated without comment by Nathorst (1881, 
pl. 6, fig. 1), shows part of a high central area, which would appear to give 
the fossil a campanulate, rather than a discoidal form. The radial pores and 
corrugation seem to the writer much more like the plan of porpitid siphonophores 
(e. g., Agassiz, 1893) than any meduse. The “tentacles” on the inferior 
surface are quite reminiscent of the simple partitioned trachee which extend 
from the early pneumatocyst chambers of a porpitid float into the centradenial 
“liver” mass (e. g., Haeckel, 1888A, pl. 46, 48). The seemingly campanulate 
form of Medusites radiatus recalls the pneumatophores of Porpema and Porpalia 
of Haeckel (1888A), immature stages of Porpita according to modern students 
of larval siphonophore development (e. g. Le Loup, 1929). 

The delicate surface features of Pal@oscia have a remarkable counterpart in 
the larval porpitids described by Haeckel (1888, p. 30; 1888A, p. 58, pl. 48) as 
Porpalia prunella from the “tropical Pacific,” and reillustrated as fig. 5, Plate 2, 
of the present paper. With the meager evidence of the Ordovician fossil that 
we have, it is pointless to do more than intimate this very great similarity to the 
porpitid siphonophores, and especially to forms, now adduced to be larval, which 
were described by Haeckel, our greatest student of the class, as phylogenetically 
simpler than the genus Porpita. Surely here again, as in Plectodiscus and 
Velella, we have a strong suggestion of biogenetic correlation. 

It is quite possible that we may have in Medusites radiatus the campanulate 
medusoid antecedent of the long Porpitidee line, and it may be so primitive as 
to serve also as the floating ancestor of the sailing Velellide, first known as 
fossils in the Devonian. In high bell-shaped and general cormidial organization, 
especially the tentacular trachee over the entire inferior surface of the float, pres- 
ent interpretation being correct, it seems to be almost the perfect paleontologic 
materialization of the Porpema-Porpalia rehearsal. Discophyllum shows us the 
line progressed in Trenton times to the state of owning a discoidal float, and 
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having perhaps more orderly arrangement of the radial pneumatocyst chamber- 
lets. Paleoscia appears to have been of relatively giant size, and is unusual in 
its rugose concentric corrugation. Apparently the radial elements become evan- 
escent before the periphery of the disk is reached, unless our fossils are only cen- 
trally pneumatophorous and the remainder is the imprint of the corrugated limb 
of the umbrella. Such being the case, however, it seems quite unlikely that the tiny 
cextral float could possibly have supported the large cormidium on the surface, 
but might have been an effective buoy at some depth. Paropsonema appears to 
have at least two series of radial, paired chamberlets—definitely an innovation. 
That all are archaic disconectate siphonophores seems rather likely. 
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EXPLANATION OF PLATE 1 (4) 


Figure Page 


1-7. Plectodiscus cortlandensis Caster, nu. sp. _.. Ee oo, Sy oS, eee a) 

Devonian ‘‘by-the-wind-sailor’’ (velellid siphonophore) from the Senecan se- 
ries, Ithaca formation, near Cortland, New York. 

Fig. 1. Holotype mold. Lettering corresponds to icst figure 1. University 
of Cincinnati Museum, No. 24081A; X1. 

Fig. 2. Holotype cast. University of Cincinnati Museum, No. 24081B; X1. 

Fig. 3. Paratype mold. Arrow indicates crumpled edge of disk. Lettering 
as in text figure 1. University of Cincinnati Museum, No. 24081; X1. 

Fig. 4. Reversed lighting on the deltoid area (L) of figure 1, to bring out the 
lobation concentric with the apical reéntrant of the compressed cone; X1. 

Fig. 5. Surface detail of portion of figure 2 to show the suggestions of lim- 
bate pores (stigmata) (0) of the concentric pneumatocysts; X2. 

Fig. 6. Enlargement of the corrugate surface of paratype mold; X2. 


Fig. 7. Enlargement of surface of holotype mold to show cancellate corruga- 
tion of surface on the right side of the F furrow; X2. 
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EXPLANATION OF PLATE 2 (5) 

Figure Page 

1-4 Raleosciawilowentn Caster en.) CY tls 1S [iotere nearer nena ce eee eee Nees eee Cee 26 

Upper Ordovician porpitid siphonophore. From the Corryville member of the 
Maysville formation, Cincinnatian series, Stonelick Creek, near Newtonsville, Ohio. 

Fig. 1. Holotype mold-east. Showing the corrugate disk, apical ‘‘pore’’ and 
central rays. University of Cincinnati Museum, No. 24070; X1. 

Fig. 2. Enlargement of a portion of the holotype to show detail of corruga- 
tion and apparent shrinkage phenomena; X2. 

Fig. 3. Enlargement of apical region of holotype to show porelike depression 
and radial lines; X2.5. 

Fig. 4. Paratype slab, a poor mold showing in addition to the concentric fur- 
rows of the disk, several burrows made after the disk was impressed in wet beach 
mud; portion of a Calymene head protrudes through the mold. University of Cin- 
cinnati Museum, No. 24080; X1. 
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Pneumatophore detail of an immature Porpita from the tropical Pacific, show- 


ing radial details very reminiscent of those seen in the apical region of Palwoscia; 
approx. X20. 


PALHZONTOGRAPHICA AMERICANA No. 14, PL. 2 


PL. 5, Vol. Ill 


VA (NOs 55-58). 7314 pp 180 pls: .2 8 a ah Ei 00 
Mainly Ecuadoran, Peruvian and Mexican Tertiary 
forams and mollusks and Paleozoic fossils. 


XVI. (Nos. 59-61), 140 pp., 48 pls. _-_ — Bunge t x 5.00 
Venezuela and Trinidad Tertiary Mollusca, 
SV 1 CNOS,162763.).— 283 pp., So pisces S600 
Peruvian Tertiary Mollusca. 
XVIII. (Nos. 64-67), 286 pp., 29 pls. SE REL EEG OO 
Mainly Tertiary Mollusca and Cretaceous “corals. 
XIX. (No. 68). 272 pp., 24 pls. Dasa Se ei Ta Oe ON Ls OO 
Tertiary Paleontology, Peru. 
XX. (Nos. 69-70C). 266 pp., 26 pls, — pee LU 6.00) 
Cretaceous and Tertiary Paleontology of Peru and Cuba. 
MSIL (Nose 71-12)ie S2iepp ser pls tise eee sy eS 00 
Paleozoic Paleontology and Stratigraphy, 
XXII. (Nos. 73-76). 356 pp., 31 pls. —.__ I NS Ry (11) 
Paleozoic Paleontology and Tertiary ‘Foraminifera. 
XXIII. (Nos. 77-79). 251 pp., 35 pls, .___-_ eA tl 5.00 


Corals, Cretaceous microfauna and biography. ok Conrad. 
XXIV. (Nos, 80-87). 334 pp., 27 pls. EAU G00 
Mainly Paleozoic faunas and Tertiary Mollusca. 
XXV. (Nos. 88-94B). 306 pp., 30 pls. ae T00, 
Paleozoic fossils of Ontario, Oklahoma and. iGolombia, 
Mesozoic echinoids, California Pleistocene and Maryland 
Miocene mollusks. 


XXVI. (Nos. 95-100). 420 pp., 58 pls, _.-_ aiwva'2 7.00 
Florida Recent marine shells, Texas Cretaceous fossils, 
Cuban and Peruvian Cretaceous, and Peruvian Eogene 
corals, and geology and paleontology of Ecuador. 
XXVII. (Nos. 101-105, other numbers in preparation.) 152 pp., 13 pls. 3.25 
San Pedro, California Pleistocene Mollusea, type fossil 
Cypreidz of North America and early Palezoic cepha- 
lopods from Alaska, Kentucky and New York State. 


PALHZONTOGRAPHICA AMERICANA 


Volume I. (Nos. 1-5). 519 pp., 75 pls. ~-— et 5532 :00 
Monographs of arcas, Lutetia, rodistids (a ‘venerids. 


Volume II Nos 6- 12 a 12.00 


Volume III. (Nos. 13-14, other numbers in preparation.) 90 pp., 5 pls. 2.25 
Eurysiphonate cephalopod structure and phylogeny and 
Paleozoic siphonophores. 


a 
Wie W 


P k 
ds Wed 

yey AV a 

} weet Sih) \ 


Lipratt— 


-PALAEONTOGRAPHICA 
AMERICANA 


Volume Tit: No.5 


iOS 


PALE ONTOLOGICAL RESEARCH INSTITUTION 
Ithaca, N. Y. 


PALAEONTOGRAPHICA AMERICANA 


ILLUSTRATED CONTRIBUTIONS 


TO THE 
INVERTEBRATE PALEONTOLOGY 
OF 


AMERICA 


VOL. Tel 


NO. 15: TWO ABNORMAL BUSYCON SHELLS 


By 
BurRNETT SMITH 


August 12, 1943 


Paleontological Research Institution 


Ithaca, New York, U. S. A. 


4, SSS 


tO Ae Ee ae 
JHOUDOS Cirog eiyi 


( At enti 1\ 


TWO ABNORMAL BUSYCON SHELLS 


By 


BURNETT SMITH 


INTRODUCTION 


The so-called shoulder angle of the gastropod shell is an important site for the 
development of nodes and spines. Here also is apt to be located a spiral keel when 
one is formed. Nodes or tubercles have been considered as features distinct from 
spines (Grabau, 1902, pp. 931, 932, 942, 943) and it is true that they are some- 
times separated from the spines by one or more whorls which do not bear eith- 
er of these structures. Such cases seem to be exceptional for the blunt node of 
early life is usually followed by, and grades into, the sharper spine of maturity. 
Node, spine, and keel would appear to owe their origin to shell secretion by the 
same mantle fold. Presumably this process is nearly uniform and continuous 
in the making of the keel. Nodes and spines, on the other hand, can only rep- 
resent periodic expansions of this mantle fold and, in the absence of contrary 
evidence, it is reasonable to assume that the function which produced the one 
produced the other. 

The shoulder angle is, however, not the only place where periodic expansions 
of the mantle may occur. A slanting row of spines is sometimes present near 
the proximal end of the anterior canal. This is apparently a subspecific character 
in certain Melongenas. The position of this slanting row of spines corresponds 
with that of the diagonal swollen band on the anterior canal in a number of 
Busycons (Smith, B., 1905, pl. XX XI, fig. 12; Perry, 1940, pl. 34, figs. 233 b, 
222-¢, 223) D) 233) i). 

Spine rows other than the two already mentioned are not unknown among the 
Gastropoda. Probably the best examples of such rows are to be found in the 
Murex group. Of greater interest in the present study is a row of spines not far 
below the shoulder angle spines listed among the specific characters of Busycon 
echinatum (Dall) (Dall, 1890, p. 117, pl. 9, fig. 2). 

As pointed out long ago by Grabau (1907, p. 619) a second spine row usual- 
ly begins later in the ontogeny than does the row of shoulder angle spines. The 
earlier spines of the second row are smaller in each case than their correspond- 
ing shoulder angle spines. The later spines of the second row may equal their 
respective shoulder angle spines in size. 

The extra spine row is apparently a much less stable feature than the row of 
shoulder angle spines. It may, however, be relatively constant within a species 
or subspecies. It may also occur as an individual character notably in 
Melongena (Tryon, 1881, III, p. 107; Smith, M., 1937, p. 125; Perry, 1940, p. 
151, pl. 33, fig. 235 b) and also again in Murex brandaris (Pelseneer, 1920, p. 
44 and fig. 3 after Dautzenberg). It is believed that such individual abnormali- 
ties should be noted. With this end in view descriptions and figures of two spec- 
imens of Busycon are now submitted as a contribution to the records of teratology. 
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SECOND SPINE ROW IN A MIOCENE BUSYCON 


The specimen here considered is an example of Busycon contrarium (Conrad) 
(Conrad, 1840, p. 387; 1861, republication of 1893, p. 81, pl. 45, fig. 11) from 
the Duplin Miocene of the Natural Well, southwest of Magnolia, Duplin County, 
North Carolina (Dall and Harris, 1892, pp. 72, 73; Miller, 1912, p. 241). It was 
collected from the upper or brownish marl. This is Conrad’s type locality for 
the species. His figure represents an immature individual of this very variable 
species which apparently has not reached the spiny stage of later life. Many 
individuals from the brownish marl at the Natural Well have already developed 
spines at the stage of growth indicated by Conrad’s figure. However, perhaps 
a greater number show a more or less rounded outline with few or no nodes or 
spines in parts of whorls 4 and 5. In spite of such variations the sinistral Busycon 
shells from the brownish marl of the Natural Well have many points in common 
and it is believed that most of them, if not all, can be safely included in a single 
species—Busycon contrarium (Conrad). 

The individual to be discussed has attained early maturity, the long dimension 
of the shell measuring about 144 mm. See Plate 1, figures 1-3. 

In its early stages this shell is not materially different from the normal Busy- 
con contrarium of the same locality and horizon. Whorl 1 is largely gone and 
whorl 2 is not sufficiently well preserved for detailed study. Whorl 3, on the 
other hand, shows the typical youthful features for the species, that is, a definite 
shoulder angulation studded with perhaps 19 or 20 nodes. In the first half of 
whorl 4 nodes are quite distinct and about ten in number. In the rest of the whorl 
they weaken and are vestigial or absent at the whorl’s end. The shoulder still 
has an angular outline at the start of whorl 4 but it becomes more rounded with 
the whorl’s growth. Whorl 3 is not sufficiently well preserved to show spirals but 
they can be seen on whorl 4. Whorl 5 is rather rounded in outline and 1s virtually 
without nodes. Its visible surface is covered with spirals. Shoulder angle spines 
appear at about the beginning of whorl 6. At the start of whorl 6 its spirals are 
about like those of whorl 5. Soon, however, the spirals of whorl 6 begin to 
strengthen above the shoulder angle but to weaken below it. In whorl 6 the 
second spiral above the shoulder angle is especially strong and about halfway in 
the whorl it swells into a low spirally elongated node above a shoulder angle 
spine, After an interval another low node is found on the same spiral and above 
the shoulder angle spine next appearing. From here on to the end of the indi- 
vidual’s growth at about 6144 whorls spines recur at intervals on this second spiral. 
Counting the two low nodes just mentioned as spines one may say that from the 
middle of whorl 6 to the middle of whorl 7 (end of individual’s growth) there are 
13 spines on this second spiral and 13 stronger spines on the shoulder angle. 
Each weaker spine can be correlated with a former aperture margin which also 
bears a shoulder angle spine. The weaker spine in each case lies approximately 
above or slightly forward of its corresponding shoulder angle spine. The last 


volution is thus provided with two rows of spines, one at the shoulder angle and 
the other above it. 
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Inter pretation —The rarity of extra spines, that is, spines other than the should- 
er angle spines in Busycon contrarium and in other unchanneled Busycons would 
seem to preclude their interpretation as specific or subspecific characters except 
in such a case as that of Busycon echinatum already noted. The extra spine row 
of the individual of Busycon contrarium here described and figured is viewed as 
an individual abnormality falling within the field of teratology. 


SECOND SPINE ROW IN A PLEISTOCENE BUSYCON 


This specimen is referable to Busycon carica (Gmelin) which is well figured 
in the report on the Maryland Pliocene and Pleistocene (Clark, 1906, pls. XLIII- 
XLV). The shell was collected by Allen L. Midyette, Jr., of Swan Quarter, 
North Carolina. It came from the spoil banks of the Intra-Coastal Canal 
between Pungo and Alligator rivers in Hyde County, North Carolina. Richards 
(1936, p. 16031) refers the marine shells of this locality to the Pamlico formation 
of the Pleistocene. 

The individual is mature and in its present condition the shell has a long di- 
mension of about 169 mm. See Plate 1, figures 4-6. The last volution is estimat- 
ed as whorl 7. Whorls t and 2 are gone and whorls 3 and 4 are not sufficiently 
well preserved for detailed study. Whorl 5 has 12 shoulder angle spines and 
whorl 6 has 14 if incipient spines are counted. Up to this point the shell shows 
only characters normal for the species. Whorl 7 has 11 shoulder angle spines if 
one incipient spine is counted and there is nothing unusual in these spines. How- 
ever, at about the second shoulder angle spine of whorl 7 a strong spiral begins to 
develop above the shoulder angle. At the old aperture margins corresponding 
to the third, fourth, and fifth shoulder angle spines of the whorl this strong spiral 
bears weak nodes which are more or less elongated in a spiral direction. From 
here on to the end of the individual’s growth each shoulder angle spine has above 
and slightly forward of it a corresponding spine on the strong spiral above the 
shoulder angle. The last nine shoulder angle spines have accompanying nodes 
or spines above them. In each case the shoulder angle spine is much stronger 
than the companion node or spine above it. 

Inter pretation—Extra spines, that is, spines other than the shoulder angle 
spines, are very rare in Busycon carica. For this reason the extra spine row just 
noted in the Pleistocene example of the species is believed to be an individual 


abnormality. It has no significance in classification but falls within the field of 
teratology. 
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EXPLANATION OF PLATE I (6) 


Figure Page 


1-3. Busycon contrarimm (Conrad) —---- {8 ee 4 
Abnormal individual with two spine rows; long dimension about 144 
mm. (1) nonapertural view (2) apical view (3) apertural view. Pal. Re- 
search Inst. Number 4121. Number 720 Smith collection. Miocene (Du- 
plin formation). Natural Well, southwest of Magnolia, Duplin County, 
North Carolina. From the upper or brownish marl at this locality. 


105 sBusvcontcarican (Grnelin)) ss eke e eee See ee ee ee eS 
Abnormal individual with two spine rows; long dimension about 169 
mm. (4) nonapertural view (5) apical view (6) apertural view. Pal. Re- 
search Inst. Number 4122. Number 926 Smith collection. Pleistocene 
(Pamlico formation). Spoil banks of Intra-Coastal Canal between Pungo 
and Alligator rivers, Hyde County, North Carolina. 


(Photographs by Ethel Ostrander Smith) 
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FISH REMAINS FROM THE MIDDLE DEVONIAN BONE BEDS OF 
THE CINCINNATI ARCH REGION 


By 


Joun W. WELLS 
The Ohio State University 
There is a vast deal of skillful carpentry exhibited ... in the coverings of .. . ancient 


ehthyolites. on 
HivucH Miuuer: The Cruise of the Betsey 


INTRODUCTION 


The purpose of this study is to describe and illustrate the long known but 
heretofore only vaguely identified fish remains, mostly microscopic in size, which 
occur in enormous numbers in the bone beds of Middle Devonian formations 
flanking the Cincinnati arch, In another paper the writer has discussed the 
stratigraphy, paleoecclogy, lithology, and genesis of these beds; therefore only a 
brief résumé of these aspects is included here. 


THE MIDDLE DEVONIAN BONE BEDS OF OHIO, INDIANA, AND 
KENTUCKY 


The Middle Devonian limestones of central Ohio consist of two formations, 
the Columbus (late Ulsterian) and the Delaware (early Erian). Within these 
are at least four thin bone beds: the First bone bed, 10 feet below the top of the 
Columbus in Franklin and southern Delaware counties, central Ohio; the Second 
bone bed, at the contact of the Columbus and Delaware, extending from central 
Ohio north to Lake Erie; the Third bone bed (Hadrophyllum zone), 25-30 feet 
above the base of the Delaware in Franklin and Delaware counties ; and the Fourth 
bone bed, two feet above the Third and known only at Delaware, central Ohio. 
The Rocky Branch bone bed lies at the approximate horizon of the Second Ohio 
bone bed at or near the top of the Jeffersonville limestone in southeastern Indiana 
on the opposite flank of the Cincinnati arch from the Ohio bone beds. These 
bone beds exhibit considerable variation in development and stratigraphic rela- 
tions with the surrounding rocks. hey are absent in some places; in others 
they may be a foot or more in thickness; commonly they are several inches in 
thickness. They are clastic accumulations of rounded sand grains, much pelma- 
tozoan debris, innumerable tiny scales, plates, teeth, and bones of fishes, some 
conodonts, ostracods, Foraminifera, and rare plant spore exines (Frontispiece, 
Plate 1). Macrofossils are fewer in number but may bulk large and comprise 
rugose corals, bryozoans, brachiopods, pelecypods, and gastropods; Crustacea 
and cephalopods are notably absent. 

Another Ohio bone bed, the East Liberty bone bed, lies between the Columbus 
formation, the upper part of which, as seen in the central Ohio outcrops, is 
missing. and the Upper Devonian Ohio shale in the Bellefontaine Devonian out- 
lier in Logan County, west central Ohio, about 50 miles west of the central Ohio 
outcrops. It consists largely of rounded sand grains with some fish material and 
a few phosphatic nodules. On paleontological grounds it is thought to be some- 
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what younger than the other Ohio bone beds and the Rocky Branch bone bed of 
Indiana—probably of Olentangy (post-Delaware, latest Erian) age. 

The Kiddville layer in the lower part of the Boyle limestone formation of east 
central Kentucky is similar lithologically and faunally to the East Liberty bone 
bed and probably represents approximately the same late Middle Devonian hor- 
izon. 

The apparent relations of the bone beds and associated rocks are suggested 
in figure I, 
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Figure 1.—Stratigraphie relations of Devonian hone beds in the Cincinnati arch region. 

These bone beds all occur on the flanks of the Cincinnati arch and none is 
known in equivalent formations away from this structure in Michigan, Ontario, 
New York, Pennsylvania, etc. The source of nearly all of their fish remains is 
believed to have been the fresh-water environments of the middle Paleozoic low- 
Jand area, Cincinnati. These remains are not only concentrated in the bone 
beds but are also thinly diffused throughout the enclosing limestones. The bone 
beds do not, as do some bone beds, represent catastrophic annihilations of in- 
digenous marine fish communities, but are concentrates accumulated during 
diastems resulting from fluctuations of the bottom with respect to wave base, of the 
very shallow sea bordering Cincinnatia. In places they represent lag concentrates, 
m others, rapid subaqueous accumulations of coarser material transported from 
areas of lag concentration, with by-passing of finer particles, and in still others, 
aeolian deposits derived from subaerial exposures of lag concentrates. 
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PREVIOUS PALEONTOLOGICAL WORK 


The presence of fish remains in the Ohio bone beds has been noted in all the 
Ceseriptions of them since the Second bone bed was first described by Edward 
Orton in 1878 (p. 610) as “one of the most remarkable layers, indeed, in the 
entire series of American Paleozoic deposits.”” But beyond the fact that they 
consist of fragments of plates, teeth, spines and dermal denticles or scales, prac- 
tically nething is known of their further identity and relationships. Newberry 
indicated (1880, p. 31) the presence of the ichthyodorulites Macheracanthus and 
Acanthaspis, of scales resembling Coelolepis and Nostolepis, and “elasmobranch 
teeth, probably coming under Chomatodus Agassiz,” the latter possibly being 
Okiolepis of the present work. Eastman mentioned and figured “Thelodus-like 
scales” from the Second bone bed (1908, p. 72, pl. 1, figs. 7, 8, 15; pl. 2, figs. 4, 
12); his figures are not good, but represent acanthodian scales, Recently Romer 
and Grove (i935. p. 816) mentioned Eastman’s statement and in a footnote 
auote Stetson who says (2 litt.) that the scales referred to by Eastman “appear 
from section to resemble acanthodian scales.” This seems to be all regarding the 
identity of the bone bed fish remains. 

One scale type similar to one found commonly in the bone beds was described 
by Stauffer (1938, p. 442, pl. 53, figs. 21-24, 31-34) from the Olentangy shale 
in Delaware County, central Ohio, as Acanthodes ? dublinensis, together with 
unnamed fish teeth (p. 442, pl. 53, figs. 38-41), some of which pertain to 
Onychodus and Phoebodus. 


THE FISH “FAUNA” OF THE BONE BEDS 


The vertebrate remains of the bone beds are wholly a thanatoccenotic assem- 
blage, in this case an assemblage of mostly fragmentary parts of fishes from fresh- 
water environments that were accumulated in a marine environment. None is 
found in direct association or articulation, and after dispersal consequent upon 
decomposition or consumption of the carcasses few escaped the triturant and 
solvent effects of nekrophages and detritivores as they were carried into the sea. 
Tt is unlikely that all these remains represent the fauna of a single environment, 
but rather that in the bone beds are mingled representatives of several contem- 
peraneous environments—fluviatile, lacustrine, estuarine, and possibly marine. 
Therefore the use of the term “fish fauna of the bone beds” should not be under- 
steod to signify the fish fauna of the waters in which the bone beds were deposited 
but rather the fish thanatoccenose of those lithologic units. 

The following groups of fishes have been recognized in the bone beds, repre- 
sented for the most part by microscopic but not necessarily incomplete skeletal 
parts: 


Subclass Ostracodermi 
Order Heterostraci 
Family Drepanaspide (indeterminate plates) 
Order Osteostraci 
Family Cephalaspid@ (3 species) 
Subclass Placodermi 
Order Acanthodii (14 species) 
Order drthrodira 
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Suborder Euarthrodira 
Family Coccosteid@ (1 species) 
Suborder Ptyctodontida (3 species) 
[Order Macropetalichthyda}* 
[Order Stegoselachu 
Suborder Rhenanida (Asterosteus) } 
Subclass Chondrichthyes 
Order Selachit 
Suborder Pleuropterygu 
Family Cladoselachid@e (4 species) 
Suborder Pleurecenthodt (2 species) 
Subclass Osteichthyes 
Division Crossopterygu 
Order Rhipidistia 
Family Onychodontide (1 species) 
[Order Dipnot 
Family Dipteride] 


From this listing it is seen that of the 14 major groups of fishe s known to have 
been living in Middle Devonian times, six are represented in the bone beds of the 
Cincinnati arch region, and if the Middle Devonian formations of this region as a 
whole are included, nine are represented. The orders missing from the roster are: 

Anaspida—almost exclusively Upper Silurian 

Palaeospondyloidea—known only from Middle Devonian of Scotland. 

Antiarchi 

Coclacanthint 

Palaeontsciformes 

The distribution of the types indicated in the outline above in the bone beds? 
indicated by the following table. 

From an inspection of this distribution it develops that the bone bed fishes fall 
into two groups: one, which includes those found in the four central Ohio bone 
beds and the Recky Branch bone bed of Indiana, in all of which are found, with 
some degree of uniformity, 26 of the 29 types® listed; and a second which includes 
the iiddvyille bone bed (or bone beds) of east central Kentucky and the East 
Liberty bone bed of the Bellefontaine outlier of west central Ohio, in both of which 
are found three forms, all selachians, not found in the other bone beds, together 
with to that do but are believed to be remanié and derived from older and now 
probably nonexistent beds. The three exclusive types of the second group are 
significant, for they suggest that the Kiddville and East Liberty bone beds are 
considerably younger than those of the first group. They are related to types 
elsewhere not known in beds older than latest Middle Devonian or early Upper 
Devonian (State Quarry beds of Iowa; Geneseo shale and Conodont bed of New 

York; Wildungen beds of Germany). 


1 Bracketed grou e not 
ciated Columbus or Delaware fo 

2 The fish remains in the Ki 
broken but unworn, and evidenth e fresh-looking specimens 
are types. found only in these beds, ; the remanié material is favnd fresh-locking only 
in the supposed older Ohio and Indiana hen 1e beds. 

3 There are fragments of three or four additional distinet types that are unassigned and 
undescribed at this time. Three of these are figured (Plate 4, figures 9, 10, 12). 


+t heen found in the bene 


us. 


but are found in the asso- 


and East Liberty 
It is not 


xist in two states—often 


CENTRAL OHIO 
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Rocky Branch 
East Liberty 
Kiddville 


Indet. drepanaspid plates 

Ohioaspis tumulosus, n.g., n.sp. 
forma typicus 
forma turritus 
forma clavulus 


forma hystricosus 


MM OM 


Ohioaspis impositus, n.sp. 

Ohioaspis lamellatus, n.sp. 
Cheiracanthoides comptus, n.g., n.sp. , 
Cheiracanthoides comis, n.sp. 
Cheiracanthoides venustus, n.sp. 
Cheiracanthoides breviplicatus, n.sp. 
Helolepis bellarugosus, n.g., n.sp. 
Helolepis venustuloides, n.sp. 
Acanthoides hardyi, n.sp. 

Acanthoides sciotoensis, n.sp. 


Acanthoides dublinensis (Stauffer ) 


».4 
».4 
x 
x 
x 
x 
».4 
x 
x 
x 


Plectrodus ohioensis, n.sp. 


Plectrodus multidentatus, n.sp. 


Po a oo a oD 


Plectrodus aculeatus, n.sp. 
Machaeracanthus major Newberry 
Gyracanthus ? eastmani, n.sp. 
Coccosteus spatulatus Newberry 
Ptyctodus, sp. 

Rhynchodus, sp. 


i a a a 


Palaeomylus, sp. 

Cladolepis gunnelli, n.g., n.sp. 
Ohiolepis newberryi, n.g., n.sp. 
Ohiolepis stewartae, n.sp. 
Deirolepis carinatus, n.g., n.sp. 
Phoebodus floweri, n.sp. 
Phoebodus ? bryanti, n.sp. 


Onychodus sigmoides Newberry 
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CONDITION AND PREPARATION OF BONE BED MATERIAL 


Where the bone beds are fresh and unweathered they are solid and commonly 
dark bluish gray in color, with a peppering of black fish remains. ‘The latter are 
phosphatic, colored black by finely disseminated iton sulphide, as is commonly 
the case in most Paleozoic vertebrates where preserved in limestone. Upon 
weathering the bone beds become crumbly, saccharoidal, or shaly, the limy parts 
being tinted light brown or buff, the vertebrate remains oxidizing to rich ma- 
hogany, brown or yellow shades. In this latter condition the microscopic fossils 
can be picked out with a needle or moistened brush tip. But in either case the 
writer found it simpler to digest the samples in dilute acetic acid (one volume 
of glacial acetic diluted with two of water). This has the effect of dissolving the 
calcitic cement, limestone, and most invertebrate remains without affecting in the 
least the vertebrate fossils or conodonts. Nor does it destroy the pyritized or 
limonitized ostracods, arenaceous Foraminifera, or vegetable spore exines. After 
digestion, the residues were washed to remove the clayey constitutents, dried 
without sieving, the size range of the fish remains being considerable, and finally 
picked over under the microscope. 

Naturally, none of the fish remains retains any of its original coloration, but 
they do have a range of coloration as a result of fossilization or weathering that 
is worth noting. Brotzen (1934, p 2) noted that the acanthodian scales found in 
the bone bed erratic studied by him showed very fine infiltrated colored sub- 
stances in the cavities and tubules which largely determine the color of the spec- 
imens: in larger cavities black to dark red brown, in smaller ones light red, yel- 
low, or yellow brown. The substance itself, according to Brotzen, is opaque and 
amorphous—hematite or some similar mineral, The range in color is from black 
to ivory white through all shades of red, brown and yellow. 

The Ohio bone bed fish remains are similarly colored by infiltrated substances, 
and most of the tints evidently are due to the effects of some degree of weathering 
particularly the oxidation and hydration of the iron sulphide of the unweathered 
bone. Specimens of the Third bone bed can be collected in the Scioto quarry 
(locality 7) which are relatively unweathered. In them the scales and bone 
fragments are a very dark gray, practically black, but near and on weathered 
surfaces they are a rich red brown. Many of the scales in this bed are strongly 
pyritized, especially those of Onychodus, and gleam brassily in the light from 
crystal facets. Rare fragments are found replaced by iridescent opal. Some 
of the acanthodian scales are-especially colorful. One tiny specimen of Ohiole pis 
stewarte has a brilliant ivory base with bright vermilion tubercles. Another of 
O. newberryit has a pearly gray base with deep brown tubercles Scales of 
Cheiracanthoides often seem to have been carved from ivory, with flecks of pale 
salmon red on the translucent enamelled coronal surface and edges. Pieces of the 
scales of Onychodus show a range from ebonylike tones to translucent pearl-gray 


tubercles on an opaque gray base, or tubercles of red jasper set on waxy gray 
flint. 
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TAXONOMIC NOTE 


The taxonomy of the 29 distinct types of scales, dermal defenses, bones, and 
teeth, presently to be described from the bone beds, presents an awkward problem. 
Some few, such as the scales, dermal studs, teeth, and bony plates of Onychodus 
sigmoides, gnathal elements of Ptyctodus, Paleomylus, Rhynchodus, armor plates 
of Coccosteus, and Macheracanthus spines, can be placed with reference to fair- 
ly well-known fish, but most of the material, usually that of very small size, ob- 
viously belongs to forms peculiar to the fresh waters and estuaries of Cincinnatia 
and are known only from isolated bits which can hardly be assigned with any 
satisfaction to established categories of less than subordinal or familial rank, 
much less to genera and species. Nor is it likely that there will in the future be 
found well-preserved, tolerably complete remains of the fishes to which they 
pertain, when one considers the probable conditions of sedimentation during 
Middle Devonian times in the Cincinnati arch region. For such material one is 
tempted to disregard classical taxonomic procedure and to use some such scheme 
as the Ordo militaris proposed by Croneis (1938; 1941, p. 1249) for just such 
incomplete but not necessarily imperfect specimens. There is much merit to this 
proposal, especially when it is a question of such an isolated group as the cono- 
donts, but it can hardly be satisfactorily employed simultaneously with the 
orthodox Linnean system, as is more or less necessary in the present instance, 
where mingling of mtanipuli and genera would be more confusing than a mingling 
of Linnean genera, organ genera, and form genera*. The names used in this paper 
for certain tvpes are to be regarded in the same tolerant way as those applied 
to conodonts (perhaps more so since the writer has refrained from multiplying 
the species far more than is customary in describing conodonts) ,—convenient 
tabs for recognizable units whose systematic relationships are, and may ever 
remain obscure insofar as the larger entities to which they pertain, in this case, 
fishes. Wherever the category departs from the usually conceived status of a 
genus, it is so indicated, as an organ genus or form genus. : 

In making the foregoing reservation concerning certain of the names herein 
employed, the writer is aware of the recent anguished polemic of Arkell and 
Moy-Thomas (1940, p. 4) against 

. . . the impossible situation produced by erecting new geuera on single more or less un- 


identifiable fragments. such as fish scales. Brotzen (1934) hes made 4 genera and 59 species 


on single acanthodian scales, some of which are even Coubtfully acanthodian (Watson, 1937, 
p- 115). The erection of these genera and species is valueless. Many of them are almost 
certainly synonymous with known forms, but it ean hardly be considered worth while to find 
out. ; F f 

From this eclectic view the writer heartily dissents. It does seem as though 
Brotzen has overdone the making of species in the case mentioned, but the fish 
scales and teeth upon which he based them are scarcely “‘unidentifiable frag- 

” : Oe ; 

ments’; they are individually complete parts of a structure whose identity as a 
taxonomically distinguishable organism extends more or less ecually to all its 
parts. Scales are difficult to identify according to the “species” to which they 


A eH ERO SST GORI SHOES CT “oposed At! 3 
Gas Usinewmuuexe ee two in the sense proposed by Jongmans, Halle, and Gothan in 1935 
(ESD aE DEI p. 8 O's organ yenus for detached parts belonging to the same morphological 
category, and form genus (or artificial genus) for forms with generically unrelated species 
5 ~ aad erated 
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belong, but may this merely seem only so because they have not yet been as 
intensively studied as they could be? Mammalian teeth are considered sufficient- 
ly expressive of the entire organism to which they belong to the extent that many 
genera and species of extinct quadrumana are based upon them exclusively. Is 
the erection of these also valueless? Some of them doubtless are synonymous 
with “known forms”, and they are, it is believed by students ci them, forms worth 
while finding out. Bone bed material rarely if ever displays even partially com- 
plete organisms but it does present invaluable clues to some of earth’s paleobiota 
that otherwise would be only vaguely known. The writer believes that if only 
parts (net “fragments”) of an extinct organism are likely to be the only repre- 
sentatives of eenera and species, they may just as well be named as its entire 
keleton. After all, a skeleton in all its completeness is in its turn only part of an 


organism. 


BONE BED: LOCALITIES CITED 


bet 


i lin County, central Ohio. O. S. U. No. 3818, probably 

vom one of the now-flled quarries near Marble Cliff Station: Second 

bone bed. 

2. Marble Cliff Station, Franklin County, Ohio: Second bone bed (Stauffer, 
1909, Pp. 44). 


3. Hiobo quarry, Marble Cliff Quarries Cc 


Co., west side of Scioto River across 
from Marble Cliff Station, Franklin County, Ohio: First bene bed, along 
west wall (Stout, 1942, p. 213). 

4, Same as 3, along west and north walls: Second bone bed. 

4a. Same as 4, but in Columbus limestone, 2 feet below Second bone bed. 

5. Scioto (Main, or North) quarry, Marble Cliff Quarries Cc., north of Hobo 
quarry: First bone bed, along west wall (Stout, 1942, p. 215). 

6. Same as 5: Second bone bed. 

7. Same as 5: Third bone bed. 

8. Junction of McCoy Road and Scioto River Road, east side of Scioto River, 
one mile north of Fishinger bridge, Franklin County, Ohio: Third bone 
bed. 

g. }. and L. Snouffer quarry, east of Scioto River, one mile south of Dublin, 
Franklin County, Ohio: Second bone bed, near top of east quarry wall. 

To. Partholomew run, west side of Olentangy River, southern Delaware County, 
central Ohio: Third bone bed, at elevation 815 feet (Stauffer, 1900, p. 76). 

ti. Miami Stone Co. quarry, west side of Olentangy River, one mile northwest of 
Deep run, Delaware County, Ohio: First bone bed, at top of exposure in 
lower and abandoned quarry. 

12. Same as 11: Third bone bed, near top of exposure in upper quarry. 

12a. Deep run, east side of Olentangy River, 2.5 miles north of Delaware-Franklin 
county line, Delaware County: Third bone bed (Stauffer, 1909, p. 79). 

13. Case run, east side of Olentangy River, Delaware County, Ohio: Third bone 
bed, one-quarter mile upstream from river (Stauffer, 1909, p. 80). 

14. Abandoned quarry just north of abandoned schoolhouse, west side of Olen- 
tangy River, one mile north of Stratford, southern Delaware County, Ohio: 
Third bone bed, at top of exposure (Stauffer, 1909, p. 85). 


15. 


16. 


17. 


18. 


10. 


20. 


21. 
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Abandoned quarry just west of Hocking Valley R. R., on Delaware run, 
western part of city of Delaware, Delaware County, Ohio: Third and 
Fourth bone beds. All references to this locality are to the Fourth bone 
bed) (Westgate and Fischer, 1933, p. 1162). 

Abandoned quarry just east of Owen, five miles southwest of Marion, Mar- 
ion County, Ohio; Second bone bed near top of exposure along east side 
of quarry north of road (Stauffer, 1909, p. 92). 

J. M. Hamilton and Sons quarry, east of highway, 1.75 miles north of Mar- 
ion, Marion County, Ohio: Second bone bed, near top of exposure. 

National Lime and Stone quarry, on Broken Sword Creek, one mile north- 
west of Spore, about six miles northwest of Bucyrus, Crawford County, 
Ohio: Second bone bed, near top of exposure along east wall (Stauffer, 
1909, p. 109). 

France Stone Co. quarry, 1.5 miles east of Bloomville, Seneca County, Ohio: 
Second bone bed, floor of west end of quarry (Stauffer, 1909, p. 110). 
Quarry two miles south of Venice at end of railroad spur, Erie County, north- 
ern Ohio: Second bone bed, above coral bed along east wall (Stauffer, 

1909, p. 129). 

Abandoned and partly filled quarry (Wagner No. 2, or Schoepfle) in south- 
east part of city of Sandusky, Erie County, northern Ohio: Second bone 
bed. (Stauffer, 1909, p. 124). 

East Liberty Stone Co. quarry one mile west of East Liberty, Logan County, 
west central Ohio: East Liberty bone bed, at top of exposure. 

Rocky branch, three miles northwest of Scipio, northern Jennings County, 
southeastern Indiana: Rocky Branch bone bed, in bed of creek. (Collected 
by C. A. Malott.) 

Near Hargett, Estill County, east Central Kentucky: Kiddville bone bed. 
(Collected by C. C. Branson.) 
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SYSTEMATIC DESCRIPTIONS 


mt 
Ln 


leozoic fishes (1930). e numbers are those of the catalogue of the Ohio State 
University Geological Museum, where the material is deposited. The localities 
are referred to by the numbers used in the preceding list of localities. 


Class PISCES 
(AGNATHA } 
Subelass OSTRACODERMI 


Order HETEROSTRACI 
Family DREPANASPIDA 


Indeterminaie drepanaspid plates 


Plate 2, figure 48; Plate 4, figures 6, 7; Plate 5, figures 1-4; Plate 6, figure 1 


Localities and material—Virst bone bed: 5. Third bone bed: 8, 13; Rocky 
Branch bone bed, Indiana, Nos. 19401-19404. 

Remarks.—Fragmentary specimens probably represent body plates of drepan- 
aspid fishes. They are badly broken up and retain none of their original outline 
although the surface ornamentation and internal structure may be well preserved. 
Che ornamentation consists of smooth, domelike, highly polished tubercles, 0.25 to 

5 mm. in diameter, completely separated from each other basally by less than 
half their basal diameters, with the intertubercular space pitted by many canal 
s—so many that the bases of the tubercles appear rootlike, as in Ganosteus 
and Pycnosteus. Occasionally two tubercles are fused and some are worn 
flat cn top. The internal structure is distinctive and distinguishes these 
plates from the arthrodiran fragments which they resembie so closely externally 
1 which are associated with them in the bone beds. The basal laminar layer 
is very thin and dense. There is no cancellous layer, and the reticular layer con- 
tains well-developed horizontal canals with vertical diverticulae opening on the 
surface between the tubercles through the superficial tubercle layer. The 
tubercles of the superficial layer contain tufts of fine dentine tubercles which ex- 
tend from a well-developed pulp cavity to the thick enamel layer. The openings 
of the pulp cavities are small and connect with canals of the superficial layer and 
occasionally are joined directly with the intertubercular surface by canals. 
The reticular layer contains dentine structures similar to those regarded as 
unerupted tubercles in Tessaraspis by Wills (1935, p. 438, pl. 3, fig. 2; pl. 5, 
figs. 1, 2). They may, however, not be unerupted tubercles but instead what 
Gross (1035, p. 13) described as secondary filling of the cavities of the spongiosa 
by dentine in cornua plates of psammosteids. There is no trace of bone cell 
cavities. , 

Several specimens (Plate 2, figure 45; Plate 6, figure 1) may represent the 
fulcral scales of the posterior trunk region. When complete they seem to have 
been elongate oval in outline, strongly arched, and bearing an axial series of 
conical, posteriorly disposed spines, with here and there small lateral supernumer- 
ary spinules, In Drepanaspis gemiindensis, the fulcral plates bear only a single 
spine. 

One specimen (Plate 4, figure 8) is suggestive of an oral arch or gnathite of 
Drepanaspis, as it is figured in restoration by Patten (1932, fig. 6). 


anc 
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Order COELOLEPIDA 
Remains of fishes of this problematical order, so abundant in stratigraphically 


older bone beds such as the Ludlow (Rohon, 1893) bone bed, consist of placoid- 
like dermal scales or denticles, easily recognized by the existence of a more or less 
well-developed pulp cavity and basal pulp-opening. None has yet been found in 
any of the Middle Devonian bone beds of the Cincinnati arch region. The sup- 
posed ccelolepid scales figured in Eastman (1908, pl. 1, figs. 7, 8, 15; pl. 2, 
figs. 4, 13) from the Columbus limestone are acanthodian scales, probably 
Cheiracanthoides comptus, n. sp. 


Order OSTEOSTRACI 
Family CEPHALASPIDZ 
Genus OHIOASPIS, n. gen. (organ genus) 


Diagnosis ——Small isolated tuberculated tesseree up to 3 mm. in diameter, oval 
to subpolygonal in outline, consisting of a dense inner laminar layer with bone cell 
cavities, a vascular middle layer, and an outer superficial dentine layer confined 
to the tubercles. Mucous canal openings from the vascular layer distinct over 
the intertubercular surface, with mucous grooves and pores arranged roughly at 
right angles to the tubercle-free borders. Tubercles stellate, erect, conical or 
cylindrical, in the latter condition supported by ridges, striations, or buttresses 
of dentine. In some cases the tubercles are flattened and imbricated but are more 
commonly well isolated, exposing the mucous canal openings in the interspaces. 
No pulp cavity in the tubercles. 

Genotype.—Ohioaspis tumulosus, n. sp. 

Remarks —The affinities of the fish represented by these dermal tessere are 
naturally uncertain, since we have no definite idea of the body form, orbits, 
electric fields, or other structures important for close determination. Relationship 
with the cephalaspids, however, is established by the close correspondence be- 
tween the microscopic structure of the tesseree and that of the corresponding 
exoskeletal elements of more completely known forms—the arrangement of the 
skeletal layers, the presence of bone cell cavities, and the mucous canals, grooves, 
and pores. In cephalaspids, with few exceptions, the exoskeleton is continuous 
rather than broken up into independent tesseree. Traquair considered the exo- 
skeleton in 4teleaspis (genotype: A. tessellata from the Downtonian of Scotland) 
to be made up of separate tessere (1899, p. 834), but Stensid (1932, p. 151), on 
the basis of Traquair’s figures, concluded that the tesseree were simply polygonal 
areas rendered apparently independent by fracture and weathering. Patten de- 
scribed a specimen which he ascribed to Ateleaspis (1912, p. 363, figs. 199, 200B, 
242) from the Lower Devonian of Miguasha, Quebec, in which the entire body 
seems to have been covered with small polygonal tuberculated tesserze very sim- 
ilar to those of Ohioaspis. He emphasied that this specimen exhibited the tend- 
ency, in an undobuted cephalaspid, for the exoskeleton to break up into separate 
polygonal plates. It may be doubted whether his specimen is congeneric with 
A. tessellata, but no further and more detailed descriptions or figures have yet 
been published of the Miguasha cephalaspid and its possible relationships with 
the form represented by Ohioaspis cannot be established. 
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Independent tessere, but with heterostracan micro-structure, seem also to occur 
in Astraspis, an Upper Ordovician agnathid (Bryant, 1936). They are found 
also in Camptaspis, described by Branson and Mehl (1931, p. 510, pl. 1, figs. 1-3, 
fig. 1) from the Lower Devonian Jefferson formation of Utah. According to 
these authors, this was a primitive arthrodire representing “a stage before ap- 
preciable progress had been made toward the reduced number of plates in the 
capsule” but the entire aspect of the specimens and the tessellated median-crested 
cranial shield are strikingly like the cephalaspids, a group with which no 
comparisons were made by Branson and Mell. Unfortunately no description of 
the microscopic structure of the skeleton was given and the writer received no 
reply from a request to study the type specimens, The figure and description of 
the tessere indicate a close similarity with Ohoaspis. 

There remains a possibility that the affinities of these tessere lie elsewhere than 
amonest the osteostracans, for instance, among the stegoselachians as exemplified 
by Gemiindina. In these peculiar types of primitive gnathostomes much of the 
cephalic part of the body is covered by separate stellately tubercled studs or 
tesseree in superficial aspect very much like those of Ohioaspis, Drepanaspis, and 
Psammosteus (Broili, 1933, p. 273, fig. 2). Indeed, there is already known 
from the Delaware formation of Ohio a rhenanid very close to, perhaps even iden- 
tical with Gemiindina—Asterosteus, known from one or two very poorly pre- 
served central parts of the cranium (Newberry, 1875, p. 35, pl. 54, fig. 1). Thus 
there are circumstantial hints of a connection between Asterosteus and Ohioaspis, 
but if Broili’s observation that the macroscopic structure of the dermal studs of 
Gemiindina corresponds to that of Drepanaspis and Psammosteus be eventually 
corroborated by the still unknown histologic structure of the bones of Gemuiindina, 
the likelihood of this relationship will be considerably diminished. 

The spinelike plates from the Columbus and Delaware formations named* 
Acantholepis (Plate 4, figure 10) by Newberry (1875, pp. 38-40, pl. 56, figs. 1-6) 
may represent cornua plates pertaining to the same fish as Ohioaspis. Their 
enamelled tubercles are formed by dentine eruptions containing tufts of fine- 
dentine tubules with practically no pulp cavities (Plate 7, figure 5). They rest on 
a thick superficial layer containing many bone cell cavities, The spongiosa is 
highly canaliculated and the basal layer is very thin. 


QGhicasnis tumulosus. n. sp. 
Plate 2, figures 1-10; Plate 5, figures 5-8 
Text figure 2 a-f, h 
Description—sSmall tuberculated tessere, rhomboidal, quadrangular, oval, or- 
irregularly circular in outline. Surface bearing 2 to 30 stellate tubercles up to 
1 mm. high. Centrally the middle vascular layer is thicker so that the whole - 
surface of the tessera below the tubercles is convex. The tubercles may extend 
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practically to the edges of the tessera but commonly the periphery is marked 
by a zone of well-cefined mucous grooves arranged roughly at right angles to the 
ia, Centrally the tubercles are higher above the surface than near the mar- 
, and their bases are usually closely approximated with very little of the 
ntertubercular surface exposed between them. Mucous canal pores commonly 
n the tubercles between the tubercle ridges. Base flat, convex, or even 


excavated. 


WIEN SEORS.—@ 
Spceimciz Tuberceles Shape Diameter(s) Forme 
al i oval 0.5 x 1.0 mm. turritus 
2 1 circular 0.5 hystricosus 
3 2 subcireular 1.0 typicus 
4 3 oval 0.6 x 1.0 clavulus 
5 4 oval 1.5 x 2.0 turritus 
6 5 quadrangular 0.9 x 1.2 typicus 
7 6 oval OL6x 0:7, clavulus 
8 tf rhombie 1.0 typicus 
9 9 oval DLs 2) turritus 
10 10 rhombic 1.0 typicus 
11 11 oval nose ales clavulus 
12 15 cirenlar 3.5 typicus 
3 16 oval aH ee 2 1) clavulus 
14 18 subeireular 2.0 x 2.5 turritus 
15 21 subcireular 3.0 typicus 
16 30 subeireular 3.0 typicus 
Locaitties and meteria! — 


a. Forma typicus: First bone bed—s, 11. Second bone bed—1, 2 (holotype, 
19405, paratype, 19406), 4, 9, 16, 17, 19. Third bone bed—7, 8 (19407, 


19408), 10, 12, 13, 14. Fourth bone bed—15; East Liberty bone bed. 


Rocky Branch bone bed. 
b. Forma turritus: First bone bed—s5. Second bone bed—2 (19411), 6, 17, 
8. 20. Third bene bed—7 (holotype, 19409), 8 (19410), 12, 13, 
14; Rocky Branch bone bed. 
ce. Forma clavulus: First bone bed—3 (holotype. 19414), 5. Second bone 
bed: 2, 16, 10; Rocky Branch bone bed; Kiddville bone bed. 
d. Forma hystricosus: First bone bed—3, 5 (holotype, 19413). Second 
bone bed—o. Vhird bene bec—r12; East Liberty bone bed. 
Remarks.—These tessere exhibit wide range in outline, shape of the base, and 
structure and form of the tubercles. In very small specimens the base is thin and 
flat, the bottoms ci the mucous grooves often being perforated with a netlike 


etect. In larger specimens, of average size, the base is convex, the convexity 
being mostly in the dense laminar layer although in some large specimens it is shal- 
lowly concave and consists only of the middle vascular layer with many cen- 
trally ascending tubules, radiating peripherally (Plate 2, figure 6). In such 
specimens the dense laminar layer has apparently been detached or abraded, and 
it is notable that they also show effects of attrition on the upper surface—post- 
mortem attrition, whereas unworn specimens, except for the very smallest ones, 


almost always have a laminar convex base. a 
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Figure 2.—Cephalaspid tessere—a-f, h, Ohioaspis tumulosus Wells, n. g., n. sp.; a, b, 
forma typicus, X 15, (19047); ¢, forma turritus * 10 (19410); d, forma typicus, «x 15 
(19407) ; e, forma turritus, X 10 (19409); f, forma typicus, x 12, (19407); h, forma clavu- 
lus X 15 (19414)—~g, j, Ohioaspis impositus Wells, n. sp., X 15 (19417, 19418)—i, Ohioaspis 
lamellatus Wells, n. sp., X 20 (19419). 


The greatest variation exists in the external structure of the tubercles, and on 
the basis of this, the following forme may be recognized: 
a. forma typicus.—Tubercles broad, low, rounded, with low ridges radiating 
from the summits; closely packed basally. (PI. 2, figs. 1-3; 5-7). 
b. forma tiuzrritus—Tubercles subcylindrical, with blunt, rounded tips and 5- 
8 narrow buttresslike lateral supporting ridges of .dentine. Ridges 


notched at upper edges, expanding outwards basally, separated by deep 
grooves. (PI. 2, figs. 4, 8, 10). 
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c. forma hystricosus.—Tubercles similar to those of forma turritus but taller, 
slenderer, with tips produced to an acute point, rarely more than three in 
in number. 

d. forma clavulus—Tubercles bulbous, striated or with low ridges, set on 
constricted stellate bases. Mucous grooves very weak. Top of tubercles 
usually worn flat, suggestive of a ventral situation on the body for this 
type. (Pl. 2, fig. 9). 

One specimen from locality 18, consists of an elongate plate, I x 1.7 mm., 
which is asymmetrically folded a little to one side of the longer axis so that the 
limbs from an angle of about 60° with each other. This tessera, with typical 
tubercles, is interpreted as having occupied a marginal position on a depressed 
body, its asymmetric folding and lack of tubercles on the shorter side removing 
the possibility of its having been a fulcral fin tessera or a median plate of the 
dorsal surface. 

Ohioaspis impositus, n. sp. 
Plate 2, figures 12-16 
Text figure 2 ¢ 

Description.—Small tessere, subtriangular, rhombic or trapezoidal in outline, 
with a convex, often very thick, base. Center of the plate bearing a compact knot 
of 5-18 subequal, elevated, striated, stellate tubercles rising abruptly from the 
base. Surface of the base appearing as a broad flat rim of mucous grooves or 
pores. Tubercles often very closely appressed and compressed in imbricating 
series. Diameter across surface of base from 0.5 to 1.5 mm. 

Localities and material —Second bone bed— 2 (19417), 19. Third bone bed—7 
(holotype and paratype, 19415). 8 (19418) ; Rocky Branch bone bed (19416) ; 
Widdville bone bed. 

Remarks —This type of tessere is relatively uncommon and so far has not been 
found in the First and Fourth bone beds. Its general aspect, with the central 
compact cluster of distorted tubercles, is strikingly different from that of either 
O. tumulosus or O. lamellatus. 


Qhioaspis lamellatus, n. sp. 
Plate 2, figure 11 
Text figure 2i 


Description —Small, thin, subcircular, flat plates, from 0.4 to 0.6 mm. in 
diameter, bearing one or two tubercles 0.5-0.6 mm, high. Surface of basal part 
marked by mucous grooves and pores. Tubercles relatively very tall, with no 
marked central axis and consisting of three or four broad, thin, buttresslike 
ridges fused along their inner edges, their outer upper edges being rounded. 

Localities and material—First bone bed: 5 (holotype, 19419); 11. 

Remarks.—This rare form, marked by the reduction of the tubercles to mere 
fragile clusters of buttresses, so far has been found only in the lowest of the four 
central Ohio bone beds. The constant lack cf more than four ridgelike buttresses 


suggests this is not merely an early stage in the development of the tessera of the 
O. tumulosus type. 


- Q 
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GNATHOSTOMATA 
Subclass PLACODERM! 
Order ACANTHODIE 

Seven species of acanthodians have been described from the Lower and Upper 
Devonian of Quebec and New Branswick, but the American Middle Devonian has 
so far yielded only fin spines (Macheracanthus) and occasional isolated scales. 
The first reference to scales was by Dr. Burnett Smith (1910, p. 663) who men- 
tioned “relatively large four-sided and apparently unsculptured” scales (like 
Acanthoides dublinensis?) from the Marcellus formation in central New York. 
More recently Stauffer (1938, p. 442, pl. 53, figs 21-24, 31-34) described Acasz- 
thodes 2? dublinensis from scales found in the Olentangy formation of central Ohio, 
stratigraphically a few feet above the Third bone bed of the Delaware formation. 
The first intimation of their occurrence in the Columbus and Delaware formations 
vas given by Romer and Grove in 1935 (p. 816) who noted, on the authority of 
Stetson, that the scales assigned by Eastman (see aite, page 7) to Thelodus and 
Coelolepis are probably acanthodians, 

Fraements of the acanthodian fin spine organ genus Macheracanthus (Watson, 
1937, p. 126) are found occasionally in the bone beds. Small fragmentary speci- 
mens of M. major Newberry may be found in the Second bone bed in the Marble 
Cliff quarries. Put tiny acanthodian scales in bewildering variety are excessive- 
\y abundant in all the bone beds at all localities, and by far outnumber all the 
other types of fish remains. Much less common are the dental elements supposed 
to be acanthodian, and in less variety, provisionally placed in Plectrodus Agassiz, 
1829. 

While much work has been done on this interesting and perplexing group of 
little Paleozoic fishes, the most important recent publication being that by D. M. S. 
Watson (1937), the scales have scarcely been studied at all, the greatest atten- 
ion naturally having been paid to the morphology of the head and fins. It is al- 
most impossible to obtain data from the literature on the scales themselves in the 
various families and genera. Protzen (1934, 1934a) has made a start on the 
study of them and his lead is followed here. He points out (1934, p. 19; 19348, 
p. 5) that each acanthodian genus has a characteristic scale type which in general 
make-up and style of ornamentation is nonvarying, except for size and a certain 
variability of ribbing and outline, over the whole body except the head, and that 
the scale type can be used for systematic purposes. Brotzen has also for the first 
time accurately described the microscopic structure of the older acanthodian 
scales. Similar results were obtained by Gross (1935). Thin sections of the 
Ohio bone bed acanthodian scales made by the writer show the same structures 
(Plate 6, figures 2-5) and these are not further discussed in view of the detail 
already available in the papers cited. ; 

Mention should be made here of the work by Gunnell, who in two papers (1931, 
1933) mainly devoted to conodonts, described nine new genera based upon iso- 
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lated scales, dermal studs, and teeth of Pennslyvanian fishes. Most of these per- 
tain to selachians, but //olmesella is acanthodian. Gunnell recognized the acan- 
thodian affinities of this form in 1933 (p. 288) and included in it scales with 
smooth (H. quadrata, genotype) and ridged coronal surfaces, although he still 
seems to have regarded them as teeth or oral fixtures. Holmesella is here re- 
stricted as an organ genus of short-crowned, smooth-surfaced scales, and is the 
scale type characteristic of the well-known Carboniferous genus Acanthodes, sev- 
eral species of which are known from the Pennsylvanian of the United States 
(Eastman, 1902). 

A new point in the squamation of these fishes is the discovery of several speci- 
mens (Plate 2, figures 25, 35, text fig. 5c) consisting of two or three ordinary 
acanthodian scales fused solidly, in each case the fusion having taken place 
between the posterior edge of a forward scale and the anterior edge of the 
scale diagonally behind it. 

The terminology applied to scales of the acanthodian type is illustrated by text 
figure 3. 


Postericr edge. >. Posterior corner 
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= i / 
H ae Ny v4 a / - 
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: Figure 3.—Generalized acanthodian seale 


KEY TO BONE BED ACANTHODIAN SCALE TYPES 


I. Coronal surface bearing ridges: 
ies pare diagonal; radiatingje== = Se eee _— Cheiracanthoides 
. Coronal surface equal or snden ee base: 
a. Ridges distinct over entire coronal surface C. comptus 
b. Ridges developed only along anterior edge: 
aa. Coronal surface rhomboid in outline, 
See tates, sbaaktweGl oe ee C. comis 
bb. Coronal surface broader than long, 


basenthink tatweemees ta 3. ies UAB on ee: C. breviplicatus 
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2. Coronal surface narrower than base; posterior 
Conner prolatey = ee =. C. venustus 


BeaRidges*parallel:tolongseriaxis!/ 2 Soe ren Helole pis 
1. Coronal surface rounded quadrangular, 
nearly<aStwiderasphaSe) esses en ee ee H. bellarugosus 
2. Coronal surface elongate rounded triangular, 
imch) narnowertnan basen = aaeee een eee H, venustuloides 
ieGoronallesunace smooth; = ane ee Acanthoides 
A. Coronal surface practically flat, 
outline rhomboid. 
1. Coronal surface cepularly rhomboid) 2. === es A. dublinensis 
2) Coronal surtace ‘elongatesirhomboid!| 2 == a A. sciotoensis 
B. Coronal surface convex, rounded quadrate 
in outline sa ees, a a er Fe OE 58S Pla, WE Leen: hardyt 


Genus CHEIRACANTIIOIDES, n. gen. (organ genus) 


Diagnosis —Scales with nearly flat or slightly convex crown, well-developed 
neck, and a thick, inflated base. Coronal surface equal to, wider, or narrower 
than the base, its posterior corner usually projecting back beyond the base. Sur- 
face marked by 4 to 24 fine, radiating, occasionally bifurcating rounded ridges, 
convergent towards the posterior corner. Internal structure like that of scales of 
Acanthodide. 

Genotype.—Cheiracanthoides comptus, n. sp. 

Remarks.—This is the scale type of the genus Cheiracanthus. In general form 
it is similar to Acanthoides, from which it is distinguished by the fine coronal 
ridges. The ridges show much variation but are always much finer than those 
of Diplacanthoides and the grooves between them are never so deeply excavated 
as to notch the anterior margin deeply. They are most strongly developed anter- 
iorly but usually extend at least halfway to the posterior corner; in some speci- 
mens they are distinct over the whole surface, and in others they are supplement- 
ed by a second set radiating toward the posterior corner from the scale center 
which is posterior in position. Supernumerary ridges occur in a few instances 
at the lateral corners. In a few types the ridges are subparallel and run off the 
posterior edge; these are often very difficult to distinguish from the associated 
scales described below as Helolepis. 

There is much variation in the proportions of Cheiracanthoides scales,—in out- 
line of the crown, height of the neck and thickness of the base. On the basis of 
these together with the number and arrangement of the coronal ridges, several 
species can be distinguished. ; 
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Cheiracanthoides comptus, n. sp. 
Plate 2, figures 17-25; Plate 6, figures 3-4 
Text figure 4 a-g 


h i j k 


Figure 4.—Acanthodian seales, Cheiracanthoides—a-g, C. comptus Wells, n. g. n. sp.; a-¢, 
X 15 (19420); d, xX 20 (19422); e, f, gx 10, xX 10,x 30 (19421)—h, C. comis Wells, n. sp., 
x 20 (19425)—i, j, C. venustus Wells, n. sp., X 15 (19430, 19428)—k, C. breviplicatus 
Wells, n. sp., & 15 (19431). 


Description —Small to relatively large scales, thick, with crown about the 
same width as the base, a constricted short neck, and a thick, inflated base. Crown 
nearly flat, regularly subrhomboidal to broadly triangular in outline symme- 
trical, overhanging the posterior corner of the base, surface bearing from 5 to 
30 small, subacute ridges which converge towards the posterior corner. La- 
teral corners often reflected slightly upward. 


Specimen Ridges Length Width Height 
I 5 0.6. mm 0.5 mm, 0.5 mm. 
2 6 0.45 0.5 0.45 
3 6 0.9 0.9 0.6 
4 7 0.8 0.75 0.4 
5 8 13 ToL 0.6 
6 9 1.0 1.0 0.6 
7 10 1.2 1.4 0.7 
8 II 1.0 I.I 1.0 
9 12 1.4 1.6 0.8 
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Specimen Ridges Length Width Height 
10 13 1.5 13 1.0 
II 15 Tal 1.5 0.7 
12 16 2.0 22, 1.1 
13 19 2:3 2.75 1.0 
14 22 1.4 22 1.2 
15 29 2.5 3.0 TS 


Localities and material —First bone bed: 3, 5, 11. Second bone bed: 1, 2 
(19422), 4 (19423), 6, 9, 16, 17, 18, 19, 20 (19424), 21. Third bone bed: 7 
(holotype and paratypes, 19420), 8 (19421), 10, 12, 13, 14. Fourth bone bed: 15; 
Rocky Branch bone bed, Indiana; East Liberty bone bed, Ohio. 

Remarks—Wide but continuous variation exists in this type of scale, which is 
the commonest fish remain in the bone beds and which has been found at every 
locality. The most striking deviation from the normal type is found in occasional 
specimens (Plate 2, figures 18, 21) which have a second set of ridges radiating 
posteriorly from a point about one-third the distance from the posterior to the 
anterior corner. In most specimens the ridges are straight except near the lateral 
corners where they bend slightly toward the posterior corner. The ridges are 
usually simple, but in larger specimens they show a tendency to bifurcate toward 
the anterior edges. One exceptionally well-preserved specimen (Plate 2, figure 
19) has very thin notched posterior edges, each projection between the notches 
bearing a posterior prolongation of an anterior ridge; ordinarily well-preserved 
specimens have evenly rounded posterior edges. 

A single specimen from the Second bone bed at locality 4 consists of two scales 
fused solidly by the antero-posterior sides of the crowns, necks, and_ bases. 
The posterior edge of one scale overlaps one-third of the crown of the scale be- 
hind it. Another fused pair (Plate 2, figure 25) from the Third bone bed at lo- 
cality 7 is like the other except that the coronal surfaces are so completely merged 
that the overlapped edges are wholly indistinguishable. 


Cheiracanthoides comis, n. sp. 
Plate 2, figures 26-27; Plate 6, figure 2 
Text figure 4 h 


Description — Medium-sized scales like C. comptus, except that the ridges are 
weakly developed and occur only along the anterior edges, 


Dimensions.— 
Specimen Ridges Length Width Height 

I T7 0.8 mm. 0.8 mm. 0.6 mm. 
2 8 0.6 0.9 0.6 

3 9 0.7 0.6 0.5 

4 9 1.0 1.2 1.0 

5 10 1.0 1.0 0.6 

6 10 1.0 Tor 0.5 

i 10 1.2 1.4 0.7 

8 II 1.0 1.0 0.65 
9 II 1.0 Teal 1.0 
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Locelities and material.—First bone bed: 11. Second bone bed: 1, 6, 16 (holo- 
type, 19425), 17. Third bone bed: 8 (19426), 10, 14. Fourth bone bed: 15. 

Remarks—This scale can be mistaken for Acanthoides dublinensis, especially 
when the normally faint ridges have been abraded, but the coronal surface of A. 
dublinensis is smooth and glistening whereas that of C. comis is dull and shows 
faint scallopings along the anterior edges. C. comis is evidently very close to C. 
comptus but unabraded specimens show that the ridges are never developed for 
more than a third of the distance towards the posterior corner. 


Cheiracanthoides venustus, n. sp. 
Plate 2, figures 28-32 
Text figure 4 i 

Descripticn.—Medium to large scales, with proportionally small crown, an al- 
most unconstricted neck, and a broad, thick base. Crown varying in outline from 
symmetrico-rhombic to asymmetrico-quadrangular, the posterior corner prolonged 
to a sort of snout but rarely extending backwards beyond the corner of the base; 
anterior corner rounded. Edges of crown reflected basally and continuous with 
the neck which is expanded basally. Base wider than the crown, often very much 
wider and at least equal to the combined thicknesses of crown and neck. Surface 
of crown with 4 to 10 stout, rounded, occasionally bifurcating, radiating ridges. 

Dimensions.— 


Coronal Basal 
Specimen Ridges Length width width Height 
I 4 0.4 mm. 0.3 mm. 0.3 mm. 0.4 mm. 
2 5 1.0 08 TL 0.7 
3 6 0.0 0.8 0.9 0.6 
4 7 1.2 1.0 1.2 0.6 
5 8 1.0 1.3 1.7 1.0 
6 9 2.5 125 2.0 1.2 
7 10 1.2 1.4 2.0 1.0 


Localities —First bone bed: 5, 11. Second bone bed: 1 (19429), 2 (19430), 4, 
6. 9, 16 (holotype and paratype, 19427), 17, 18, 19, 20. Third bone bed: 7, 8 
(19428). 10. Fourth bone bed: 15; Rocky Branch bone bed, Indiana; Kiddville 
bene bed, Kentucky. 

Remarks —tThis scale is very striking in its very general aspect, with the large, 
broad base and relatively small crown with its prolate posterior corner. The 
normal examples show a nearly even petaloid coronal outline. Some of the larg- 
est and thickest scales found in the bone beds are included here. 


Cheiracanthoides breviplicatus, n. sp. 
Plate 2, figure 33 
Text figure 4 f, k 
Description.—Moderate-sized scales with broad, transversely rounded rect- 
angular or broadly ovate crown, the anterior edge of which is turned sharply 
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downward partially covering the neck which is short and constricted. Lase low, 
almost flat. Surface of crown very thin, smooth, and glistening, bearing 9 to 22 


low, rounded ridges which are developed only along the anterior edge, usually 
wider than the base, posterior edge considerably overhanging the base. 


Dimensions.— 
Specimen Ridges Length Width Height 

I 10 0.7 mm. 1.0 mm. 0.5 mm. 

2 10 0.7 i) 0.3 

3 7 0.4 0.5 0.25 
4 9 0.8 0.8 0.5 
5 II 0.8 iit 0.3 
6 II 0.9 Ter 0.5 
7 13 0.8 0.8 0.45 
8 19 1.3 0.8 0.6 
9 22 1.3 0.8 0.6 


Localities and material—First bone bed: 3. Second bone bed: 1 (holotype, 
19431), 17, 18. Third bone bed: 8, 14. 

Remarks.—Distinctive characters of this species are the glistening coronal 
surface with numerous faint anterior ridges, the broad crown with reflected an- 
terior edges, and low flat base. It is uncommon. 


Figure 5.—Acanthodian scales, Helolepis and Acanthoides—a, b, H. venustuloides Wells 
un. sp., X 15, K 25, (19436, 19435) ; ¢, d, e, H. bellarugosus Wells, n. g., n. sp.; ¢, triple fused 
seale, X 15 (19434); d,e, X 25, X 15 (19432 19433); f, A. hardyi Wells, n. sp., X 18 
(19439) ; g, A. sciotoensis Wells, n. sp., X 15 (19438); h, A. dublinensis (Stauffer), x 20 
(19440). 
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One variant from locality 3, apparently belonging to this type, has an 
asymmetrico-rhomboid outline, with the sloping anterior ridge-bearing portion 
sharply delimited from the flat, lustrous coronal surface, suggesting that the ridges 
were developed only on that part of the scale protected by the overlap of the 
posterior edge of the preceding scale, or that they originally covered more of the 
coronal surface but, being on a part of the trunk exposed to some wear, the ridges 
were abraded and the coronal surface polished. 


Genus HELOLEPIS, n. gen. (organ genus) 


Diagnosis.—Small acanthodian scales with quadrangular to subtriangular elon- 
gate crown, short neck, and a well-developed, thick base. Coronal surface inclined 
very slightly anteriorly towards the basal plane, and bearing a few relatively coarse 
parallel ridges. 

Genotype.—Helolepis bellarugosus, n. sp. 

Remarks.—This scale type is distinguished from Cheiracanthoides by the faint- 
ly inclined coronal surface on which the relatively fewer ridges are parallel rather 
than radiating. It resembles the selachian dermal denticle later described as 
Deirolepis, but has a more completely developed base and less inclined coronal 
surface. 

Helolepis bellarugosus, n. sp. 
Plate 2, figures 34-25 
Text figure 5 c-e 

Description Small scales having the characters of the genus as diagnosed 
above. Coronal surface elongate-quadrangular to ovoid, nearly flat, nearly equal 
to the width of the base, and bearing 4 to 7 relatively coarse anterior parallel 
ridges which rarely extend more than halfway to the posterior corner. 


Dimensions. — 


Coronal Basal 
Specimen Ridges Length width width Height 
I 4 0.6 mm. 0.5 mim. 0.7 mm. 0.5 mm. 
2 4 0.75 0.6 0.6 0.6 
2) 5 0.75 1.0 1.2 0.6 
4 5 1.4 1.0 1.2 0.7 
5 7 1.2 1.0 1.3 0.8 


Localities and material—Second bone bed: 
4, 17 (19434), 19. Third bone bed: 7, 12, r4. 

Remarks.—This species is marked by its elongate-rounded rectangular crown 
with relatively few parallel ridges. One specimen from locality 17 consists of three 


scales fused solidly, with distinct coronal margins overlapping about one-fourth 
of the next scale in the series (Plate 2, figure 36). 


1 (holotype, 19432), 2 (19433), 


Helolepis venustuloides, n. sp. 
Plate 2, figures 37-38 
Text figure 5 a-b 


Description —Like H. bellarugosus, but the coronal surface js elongate-rounded 
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subtriangular in outline and much narrower than the base, and bears only 2 
to 4 coarse, well-developed, parallel ridges. 


Dimensions. — 
Coronal Basel 
Specimen Ridges Length width width Height 
I 2 0.6 mm. 0.3 mm. 0.6 mm. 0.4 mn. 
2 3 0.75 0.5 0.75 0.6 
3 3 Te2 0.75 1.0 0.6 
4 4 0.85 0.6 0.9 0.75 


Localities and material.—Second bone bed: 1. Third bone bed: 7 (19436), 
8 (holotype, 19435). Fourth bone bed: 15. 

Reimarks.—This species approaches some specimens of Cheiracanthoides ven- 
ustus in its general form, but the coronal surface is inclined and its ridges are 
parallel rather than radiating. 

Genus ACANTHCIDES Broizen, 1954 (organ genus) 

Diagnosis —Acanthodian scales with smooth, glistening, usually more or less 
convex crown, translucent on edges, quadrangular to rhomboidal in outline, with 
short neck and thick, rounded inverted pyramidal base. 

Remarks.—This type is like that of the scales of the well-known Carboniferous 
genus Acanthodes (Holinesella), but differs by the posterior overhang of the 
1 and the more or less convex rather than flat or concave coronal surface. 


Acanthoides hardyi, n. sp. 
Plate 2, figure 39 
Text figure 5-f 


Description —Small, moderately thick scales with convex crown, short neck, 
and moderately inflated base. Outline of crown rounded quadrangular, oval, or 
even rectangular. Anterior edges of coronal surface reflected basally ; posterior 
edge prolonged beyond the base. 


Dimensions.— 
Specimen Length Width Height 
I 0.7 mm. 0.5 mm. 0.6 mm. 
2 0.75 0.6 0.5 
3 0.9 0.6 0.6 
4 0.9 0.7 0.5 
fs 1.0 0.8 0.05 
6 1.0 0.5 0.5 


Localities and material —First bone bed: 3. Second bone bed: 1, 2, 16. Third 
bene bed: 7, 8 (holotype, 19437). 

Remarks.—Readily distinguished by its elongate-quadrangular to oval, never 
rhombic, convex, coronal surface. It is an uncommon form and less than 10 
specimens have been found so far. 

Acanthoides sciotoensis, n. sp. 


Plate 2, figures 40-41 
Text figure 5 ¢ 


Description —Small, relatively thin scales, with faintly convex coronal surface, 
short neck, and low base. Outline of crown sharply elongate-rhombic, posterior 
edge prolonged back from the base, usually centered a little to one side of the base 
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which therefore projects from under one anterior edge. Anterior edges of crown 
slightly reflected basally. 


Dimensions.— 
Specimen Length Width Height 

I 0.7 mm. 0.4 mm. 0.3 mm. 
2 0.8 0.5 0.3 

2 0.9 0.7 0.3 

4 1.0 0.5 0.3 

5 1.0 0.5 0.4 

6 1.0 0.7 0.5 

7 Tel 0.45 0.3 

8 ag) 0.6 0.35 
9 1.3 0.55 0.5 


Localities and material.—First bone bed: 3, 5. Second bone bed: 1, 2 (19439), 
6, 16, 18. Third bone bed: 7, 8 (holotype, 19438). Fourth bone bed: 15, Rocky 
Branch bone bed, Indiana; East Liberty bone bed; Kiddville bone bed, Kentucky. 

Remarks.—The uniform, elongate diamond-shaped outline and proportional 
thinness of this scale render it distinct from other species of this genus. 


Acanthoides dublinensis (Stauffer) 
Plate 2, figure 42 
Text figure 5-h 
Acanthodes ? dublinensis Stauffer, 1938, Jour. Paleont., vol. 12, p. 442, pl. 53, figs. 21-24; 
31-34. 

Description—Small thick scales with nearly flat crown, more or less regularly 
rhombic in outline with rounded corners, especially the anterior one, Posterior 
corner extending slightly beyond the base. Neck short and thick. Base thick, 
strongly convex, centered a little anterior of the center of the crown, occasionally 
slightly broader than the crown. 


Dimensions.— 
Specimen Length Width Height 

I 0.25 mm. 0.3 mm. 0.2 mm. 
2 0.45 0.4 0.5 

3 0.5 0.5 0.4 

4 0.5 0.55 0.5 

5 0.7 0.5 0.5 

6 0.7 0.6 0.45 
7 0.9 0.9 0.6 

8 1.0 1.0 0.8 

9 1.0 1.4 0.65 


Localities and material—First bone bed: 3, 5, 11. Second bone bed: 1 (19440). 
2, 6, 16, 17, 18, 20, 21. Third bone bed: 7, 8, 12, 13, 14. Fourth bone bed: 15, East 
Liberty bone bed; Kiddville bone bed: Olentangy shale, central Ohio (Stauffer) ; 
Marcellus formation, central New York. 

Remarks.—Stautfer’s material came from the lower part of the Olentangy shale, 
stratigraphically a few feet above the Third bone bed. The type is fairly common 


in the bone beds, and is readily distinguished by its thickness and regularly 
rhomboid outline. 
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[In his description of this scale, Stauffer failed, as did Gunnell with similar forms, 
to orient it correctly, hence his figures show only lateral and basal aspects. 

The possible reference of the scales described by Burnett Smith (1910, p. 663) 
from the Marcellus of New York to this form has already been mentioned. 


Genus PLECTRODUS Agassiz, 1838 (organ genus) 

Remarks.—Small, slightly porous plates bearing inset conical denticulations, 
resembling the acanthodian teeth or dental elements known as Plectrodus, occur 
with some frequency in the bone beds, Like the acanthodian scales the fishes to 
which they pertain are unknown, and they are here recognized as three species. 


Plectrodus ohioensis, n. sp. 
Plate 2, figure 43; Plate 4, figures 1-4 

Description.—Small dental elements consisting of a more or less oblong, straight 
or bent convex base of porous bony tissue, along the crest of which is set a series 
of 3 to 5 conical, nearly straight denticles. The under side of the base is 
concave. On one side of the main row of denticles there may be one or two 
smaller ones. The main denticles are taller and larger at one end and decrease 
toward the other, They are expanded basally within the porous base from which 
they are distinct, with pores regularly arranged around their bases, giving them a 
stellate effect. Length of base: 0.7 to 2.0 mm.; height, from under side of base to 
tip of highest denticles, 0.6 to 1.5 mm. 

Localities and material—First bone bed. Second bone bed: 2 (19444), 4a 
(holotype, 19441), 6, 9 (19445), 17 (19443), 19. Third bone bed: 7 (19442), 8, 
T4, 

Remarks.—This form differs from P. mirabilis Agassiz (in Murchison, 18309, 
pl. 35, figs. 3-8) of the Ludlow bone bed (Downtonian of England), by its much 
smaller size and denticles which are nearly circular rather than subtriangular in 
cross section. Descriptions and figures of Devonian teeth known to be acanthod- 
ian (Dean, 1907), show that they commonly consist of one large, grooved den- 
ticle flanked by several smaller cusps or denticles on either side arranged 
en echelon. 


Plectrodus multidentatus, n. sp. 
Plate 2, figure 44; Plate 6, figure 6 


Description —Small dental elements like P. ohioensis in size and structure, but 
bearing a large number of denticles which are arranged in three and four irregu- 
lar rows faintly en echelon, the larger denticles forming an alternating double row 
along one side with a diagonal series of two or three smaller ones corresponding 
to each larger one. The smaller denticles, where not broken off, usually show 
signs of ante-mortem wear. In thin section, the denticles are seen to consist of 
dentine with numerous very fine dentine tubules and a large pulp cavity with 
many small pulp canals leading into the basal canal system. 

Localities and material—First bone bed: 5 (holotype, 19446). Third bone 
bed: 7 (19449), 8; Rocky Branch bone bed, Indiana. 

Remarks.—This species is distinguished from P. ohioensis, which is about the 
same size, by the several rows of proportionally smaller denticles. On one 
specimen there are two rows of denticles on one side of the main row, and one on 
the other. The aspect is similar to that of the jaw element of Jschnacanthus 
figured by Dean (1907, fig. 10). 
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Plectredus aculeatus, n. sp. 
Plate 4, figures 5, 6 

Descripticr—Very small dental elements consisting of a thin, slightly porous, 
circular or elongate-oval base, bearing from one to three slender, acute, curved 
denticles which are compressed triangular in cross section. Where only one 
denticle is present, the base is circular, measuring from 0.6 to 0.8 mm, across and 
te denticle is from 0.6 to 0.7 mm. high. Where three denticles are developed, 
the base measures about 0.3 x 0.8 mm., flat on the bottom, and the denticles are 
about o 5 mm. high, the two end ones being slightly larger than the middle ones 
and all are curved towards one long side. 

Localities and material—Second bone bed: 9 (19448), 16. Third bone bed: 
7 (holotype, 19447). 

Remarks.—Distinguished by the angularity of the denticles and relatively small 
size. The shape of the denticles is more nearly like that of previously described 
acanthodian teeth than in either of the two preceding species, Internally their 
structure is like that of the others, although the base is denser and bears very 


few canalicule. 


Genus MACHZRACANTHUS Newberry, 1857 (organ genus) 
Machzeracanthus major Newberry 
Plate 7, figure 1 
Macheracanihus major Newberry, 1857, Proce. Nat. Inst. (nm. s.), vol. 1, p. 6; 1873, Geol. 
Surv. Ohio, vol. 1, pt. 2, p. 304, pl. 25, fig. 2; 1889, U. S. Geol. Surv., Mon., vol. 16, p. 39, 
pl. 29, fig. 4. 


Localities and material—Second bone bed: 4 (19450), 6. 

Remarks.—Small, incomplete specimens of this large paired fin spine are found 
in the Second bone bed. This is not uncommon and is widely distributed through- 
out the upper part of the Columbus formation and its stratigraphic equivalents 
in Indiana, Ontario, and New York, and in the Delaware formation. If it really 
pertained to an acanthodian fish, as is deemed probable by Hussakof and Bryant 
(1919, p, 40) and Watson (10937, p. 126), then individuals of unusual size—as 
much 2s a meter in length—for this group are indicated. 

The microstructure of a specimen from the Second bone bed shows numer- 
ovs longitudinal pulp canals with dense walls of dentine in which lie myriads of 
fine dentine tubules. The tissue between the dentine cylinders is dense and 
packed with clusters of large dark bone cell cavities. The axial cavity as seen 
in cross section has the same shape as the exterior of the spine. 

Genus GYRACANTHUS Agassiz, 1837 (organ genus) 
Gyracanthus ? eastmani, n. sp. 
Plate 2, figures 46, 47 

Description—Very small, elongate, slightly tapering, nearly straight spines. 
Cross section subelliptical, compressed, with subcylindrical pulp cavity about one- 
third the total diameter. Exterior nearly smooth, with faint longitudinal ridges 
where unworn; anterior edge very faintly carinated; posterior edge strongly car- 
inated. Carina bearing a single row of widely spaced, downwardly projecting 
thornlike denticles on its edge, with occasional enamelled low smooth tubercles 
along its sides. Diameters of type specimen: I.5 x 2.2 mm. 
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Localities and material——First bone bed: 5 (1). Third bone bed: 7, 8 (holo- 
type, 19451); Rocky Branch bone bed, Indiana (19452); Kiddville bone bed, 
Kentucky. 

Remarks.—This ichthyodorulite probably represents a new acanthodian organ 
genus, although it broadly corresponds with the distal part of Gyracanthus 
primevus Eastman (1908, p. 114, fig. 17) from the Marcellus formation of New 
York, The material is too fragmentary for better discrimination, but it is named 
because it can easily be recognized in bone bed material. A specimen from the 
Rocky Branch bone bed of Indiana shows an irregular series of pores along 
either side of the carina and one or two on the carina between the pore series. 


Order ARTHRODIRA 
Suborder EUARTHRODIRA 
Family COCCCSTEIRA 
Genus COCCOSTEUS Agassiz, 1844 
Coccosteus spatulatus (Newberry) 
Plate 4, figures 13-18; Plate 8, figure 1 


Liognathus spatulatus Newberry, 1873, Geol. Surv. Ohio, vol. 1, pt. 2, Pp. 306, pl. 29, 


fig. 4. 
Coccosteus occidentalis Newberry, 1875, ea Surv. ae vol. 2, pt. 2, p. 32, pl. 54, fig. 2; 
1889, U. S. Geol. Surv. Mon., vol. 16,,p5 52) pl. s0l igs: 2, 2iar “Woodward, 1891, Cat. 


Foss. Fishes, Brit. Mus., pt. p. 293. 
Lispognathus spatulatus Miller, 1891, No. Amer. Geol. EET SUN 1st Appendix, p. 716. 
Protitanichthys fossatus Eastman, 1907, N. ¥. State Mus., Mem., vol. 10, p. 144, pl. 10, 
fig. 2; text fig. 30. 
Localities and material—Delaware formation, Delaware, Ohio: 
a. L. spatulatus, based upon a gnathal element (type: Am. Mus. Nat. Hist. 
No. 325). 
b. C. occidentalis, based upon a median dorsal plate (type: Am, Mus. Nat. 
Hist. No. 313.) 
c. P. fossatus, based upon the anterior part of a cranial shield (type: Mus. 
Comp. Zool., Harvard). 
Bone bed material: Second bone bed: 2 (19454). Third bone bed: 7 (19453). 
Remarks.—Several small fragments of an exoskeletal arthrodiran armor plate, 
crnamented with small stellate tubercles, probably belong to this poorly known 
species. In thin section (Plate 8, figure 1) they are characteristically arthrodiran 
in structure. Externally they are much like those of Rhynchodus secans, except 
that the tubercles are smaller and dull rather than enamel-like. Only one specimen 
is sufficiently complete to be identified with certainty as to position in the head and 
trunk armor. 


Median basal 


Incomplete but uncrushed and retaining intact the right posterior and part of 
the right lateral margins. Oryiginal width across the posterior side, 17 mm.; 
length at least 6 mm.; convexity at posterior end nearly 5 mm. From side to 
side it is arched, the central part more so than the sides. Posterior edge bevelled 
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and smooth, partly enclosed by the externo-basal plates. Inner posterior sur- 
face deeply grooved on each side, the groove passing into a socket about three- 
fourths of the distance to the middle, the groove and socket serving to lock the 
plate on either side to the overlapped parts of the externo-basals. The under sur- 
face of the sides is shallowly grooved for articulation with the externo-basal. The 
internal surface of the center of the plate is marked by a pair of broad shallow 
erooves converging from the anterior edge and ending near the posterior end in 
two deep pits which nearly penetrate upwards to the external surface. Tubercles 
over entire external surface, faintly concentric in pattern, very small over the 
posteriorly located center of ossification. 

The aspect of this plate is clearly coccostean and it probably represents a young 
individual of C. spatulatus. There is some resemblance to the corresponding plate 
of the contemporary species C. halmodeus Clarke of the New York Marcellus 
formation. 


Right antero-centro-lateral ? 


Only parts of the outer lateral and posterior edges are preserved. It must have 
belonged to a somewhat larger individual than the MB. 

Other plates are wholly fragmentary and not worth further remarks. One bears 
a well-defined sensory groove but none of the margins is preserved. 


Suborder PTYCTODONTIDA 
Genus PTYCTODUS Pander, 1858 (organ genus) 
Ptyctodus, sp. 

Locality and material—Third bone bed: 13 (19456). 

Remarks.—Ptyctodus has not hitherto been reported from the Middle Devonian 
in Ohio. One small piece representing a short stretch of a ptyctodont tritoral 
surface bearing very feebly developed transverse ridges is referred to this organ 
genus of gnathal elements. It evidently was from an immature fish in 
which the laminar plates cf the dental elements had not developed any considerable 
depth. It does not appear to have undergone much wear and at one end (anter- 
ior ?) the transverse striz pass into a nearly smooth flat surface. 


Genus RHYNCHODUS Newberry, 1873 (organ genus) 
Rhynchodus, sp. 
Plate 3, figure 1; Plate 4, figure 11; Plate 7, figures 2-4, 7, 8 


Localities and material—Second bone bed: 1, 2, 4, 6, 9, 17, 19, 21. Third bone 
bed: 7 (19458), 8, 12, 13, 14; Rocky Branch bone bed, Indiana (19457) ; East 
Liberty bone bed. 

Remarks.—One species of this organ genus of gnathal elements occurs in the 
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Columbus and Delaware formations—R. secais ° Newberry (1873, p. 310, pl. 38, 
figs. I, 1 a; pl. 29, figs. 1-2 c). Fragments of the sectorial edges of tiny gnathal 
elements of this genus, marked by striations and gouges due to masticatory activ- 
ities (Plate 3, figure 1), are common in the bone beds, especially the Third, but 
they cannot certainly be identified with FR. secans because of their imperfect con- 
dition. The exterior layer is thin, but very dense and externally polished, and the 
internal part very spongy or openly cellular. 


Genus PALZSOMYLUS Woodward, 189i (organ genus) 
Paleomylus, sp. 
Plate 6, figures 8, 9 

Localities anc imeterial—Second bone bed: 16. Third bone bed: 8 (19461), 10 

Remarks.—Several small worn fragments of dense dental material show in 
section the typical structure of packed minute tubules or columns of dentine nor- 
mal to the tritoral surface of the gnathal elements known as Paleomylus (geno- 
type: Rhynchodus francens Newberry, of the Columbus and Delaware forma- 
tions) and Ptyctodus. In the latter genus the columns are usually modified inte 
laminar plates transverse to the leneth of the jaw element (Plate 6, figure 7), 
whereas in Paleomylus, which lies between Rhynchodus and Ptyctodus, they are 
packed so that they form scattered punctz: on the surface (Eastman, 1808, p. 
545). Two species of Paleomylus are known from the Ohio Middle Devonian— 
the genotype mentioned above, and P. crassus (Newberry), but the bone bed 
specimens can be identified with neither until more complete material is found. 


Order MACROPETALICHTHYDA 
Genus MACROPETALICHTHYS Norwood and Owen, 1846 
Macropetalichthys rapheidolabis Norwood and Owen, 1846 
Plate 8, figure 2 
(For synonymy see Hay, 1902, p. 349, and 1929, pp. 644-645) 
Remarks.—Fragments of the crania upon which this species rests are not un- 
common in the Middle Devonian limestones of the eastern United States, but so 
far none has been definitely identified from any of the bone beds. This may be 
due to the lightness of the bony structure of M. rapheidolabis as contrasted with 
the uniformly dense and abrasion-resistant structure of most of the fish material 
in the bone beds—a condition consistent with their accumulation in these layers. 
A photomicrograph of the structure of a specimen (19462) of cranial bone of 
this species from the Columbus limestone is included here for comparison with 
that of coccostean and ptyctodontid cranial plates. 


5 The external body armor of the fish to which this type of jaw belonged is ornamented 
with rounded tubereles with stellate bases and thick, polished, translucent caps, as indicated 
by the remains of a badly mangled carcass (19459), still mostly embedded in matrix, 
collected from the Delaware formation in the old Wagner No. 4 quarry near Sandusky (Stauf. 
fer, 1909, p. 127) in the summer of 1941 by C. T. ‘Hardy (Plate 7, figure 6). Fragments 
bearing a similar ornamentation oceur occasionally in the bone beds (Plate 4, figure 11; 
Plate 7, figures 2-4, 7-8); they resemble the associated drepanaspid plate fragments but the 
tubercles are much larger and coarser. Fragments of the plates of Macropetalichthys and 
Coccosteus also hear similar tubercles but without the highly polished caps. 
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Subclass CHONDRICHTHYES 
Order SELACHII 
Suborder PLEUROPTERYGII 
Family CLADOSELACHIDAD 

In descriptions of Devonian sharks such as Cladoselache, occasional mention 
has been made of the existence of patches of shagreen or oi scattered shagreen 
denticles, but there are very few descriptions of these tiny dermal defenses. Dean 
(1909, pp. 214-215, figs. 1-3) referred to and figured shagreen denticles of C. 
fyleri and other species from the Upper Devonian Cleveland shale of northern 
Ohio. He noted that in these forms, as in modern sharks, the denticles on the 
same fish are very different in appearance on different parts of the body, ranging, 
for instance, in Ctenacanthus clarki from unsculptured to richly ornamented with 
cusplike points or ridges (text fig. 6 e). Gross (1933, p. 63, fig. 17) described 
and figured the teeth and dermal defenses of Cladodus (Protacrodus) wildungensis 
Jaekel from the Upper Devonian of Germany (text fig. 6 g). He states that these 
“scales” are regularly arranged in diagonal series as in acanthodians and that their 
sculpture is in swinging curves with small swellings (‘““Schtippchen’”’) at the anter- 
ior tip like tiny overlapping scales. The ornamentation is considerably coarser 
than that of the denticles described below. Recently, Smith Woodward and White 
(1938) figured and described the internal structure of a dermal tubercle of 
Cladoselache from the Cleveland shale like the larger one figured by Dean. It is 
composed mostly of dentine and corresponds closely to Ohiolepis and Cladole pis 
of the bone beds. 

Gunnell has described (1931, 1933) a number of selachian scales from the Penn- 
sylvanian under the organ generic names Cooleyella, Cooperella, Hammondella, 
Idiacanthus, Kirkella, Moreyella, and Williamsella. The last approaches Cladolep- 
is but the ornamentation consists of rounded rather than grooved ridges. Moreyella, 
is very similar to the shagreen denticles of some Recent sharks (see Ulrich and 
Bassler, 1926, pl. 9, fig. 3), as are also specimens of Cooperella (op. cit., pl. 9, fig. 
8—Platyodon). Idiacanthus resembles closely the mouth denticles of the Recent 
Chlamydoselachus (Smith, 1937, fig. 10). At least one of Gunnell’s species of 
Holmeselle, the acanthodian scale organ genus, pertains to Cladolepis (H. ornata) 
(text fig. 6 h). 

Whether the shagreen types described below pertain entirely to cladoselachids 
is uncertain, although it seems probable. Some Cladolepis scales are known to be- 
long to this group (7. e., those of C. fyleri and C. clarki) or to fish with cladodont 
teeth (1. e., C. wildungensis). Cladolepis gunnelli, however, occurs in the Kidd- 
ville and East Liberty bone beds with no associated selachian skeletal remains 
other than Phoebodus floweri and P. ? bryanti, the latter a dubious pleuracanthid. 
In the Geneseo shale and Conodont bed of New York Cladolepis occurs with both 
cladodont and dittodont teeth. Deirolepis and Ohiolepis occur in formations that 
so far have yielded but one described selachian tooth—Cladodus prototypus East- 
man (1907, p. 61, pl. I, fig. 15) of the Columbus formation, 
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Figure 6.—Cladoselaechian dermal denticles—a, b, d, Cladolepis gunnelli Wells, n. g., n. sp. 


Kiddville bone bed, (19463) ; a, b, X 10, X 13; e, worn scale X 20; @, i, Cladolepis, 
vp.; (e), Geneseo shale, N. Y., X 30; i, State Quarry 1s., Iowa, X 15, (19465) ; h, Cladolepis 
ornata (Gunnell), Winterset 1s.,° Missouri, x 20, (after Gunnell, 1933, pl. 31, f. 42); e, 
Ctenacanthus clarki, Cleveland sh., Ohio, & 10, (after Dean, 1909, f. 3); f, Cladoselache 
fyleri, Cleveland sh., Ohio. < 25, X 20. (after Dean, 1909, f. 1, 2); g, Cladodus (Pro- 
tacrodus) wildungensis, Wildungen beds, Germany, X 27, (after Gross, 1933, f. 17A). 


Genus CLADOLEPIS, n. gen. (organ genus) 


Diagnosis —Dermal shagreen denticles pertaining to cladodont sharks, consist- 
ing of nearly flat, thin, oval to subrhomboid crown which is attached to a small, 
thin, cushionlike base by a nearly nonexistent neck. Posterior part of crown con- 
siderably overhanging the base; anterior part of base protruding beyond crown. 
Surface of crown ornamented by narrow ridges originating at the anterior end 
and curving outwards towards the sides and converging towards the posterior end, 
giving an imbricating petaloid aspect. Tops of the ridges grooved upwards from 
the base. Anteriorly the ridges may be very short and resemble partially recum- 
bent grooved spines. 

Genotype.—Cladole pis gunnelh, n. sp. 

Remarks.—tThe petaloid grooved ridges of this scale type seem to have resulted 
from the laying over and fusing of clusters of originally nearly upright 
or somewhat backwardly inclined placoid dermal denticles. In thin section (Plate 
8, figure 4) each is formed by a layer of dentine containing dendritic masses of 
tubules arising from a very small pulp cavity. Beneath the ridges the canaliculate 
pulp cavities form a sort of reticulate layer which is underlain by the dense laminar 
base which is penetrated by innumerable very fine canalicule radiating outwards 
and downwards from the “‘scale center’? somewhat as in the acanthodian scale. 
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Cladolepis gunnelli, n. sp. 
Plate 3, figures 2-6; Plate 8, figure 4 
Text figure 6 a, b, d 

Description—Small denticles, 1 to 2.5 mm. wide, having the characters of the 
genus as diagnosed above. Outline subrhomboidal to oval, occasionally rounded 
quadrangular, with posterior end often slightly prolate. Coronal surface nearly 
flat, thin, bearing from 7 to 14 grooved ridges (counted across from the widest 
part). Anterior end often with one or two tiny subsidiary onlapped crownlets. 
Base usually thin, but convex and acanthodianlike in some specimens. 

Locality and material—\Widdville bone bed, Kentucky (holotype and paratypes, 
10463) ; East Liberty bone bed, Ohio (19464). 

Remarks.—This type is less coarsely sculptured than C. wildungensis and the 
ridges are less individualized and more interfused and recumbent than in the den- 
ticles of Cladoselache, spp. of the Cleveland shale. 

Scales very similar to, if not identical with this species, occur in the State Quarry 
beds of the early Upper Devonian of Iowa (Plate 3, figure 7) and in the upper part 
of the Geneseo shale and Conodont bed of the latest Middle Devonian (Taghanic) 
of New York (text figure 6 c). 

Genus OHIOLEPIS, n. gen. (organ genus) 
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Figure 7.—Cladoselachian dermal denticles of Ohiolepis and Deirolepis—a, d, f, g, O. 
newberryi Wells, n. g., n. sp.; a, ¢, X 15, X 12, (19467); b, g, & 15, (19469); d; xX 
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15, (19466); f, x 7, (19470); e, i, O. stewarte Wells, n. sp. X 15, X 20. (19472, 
19471); h, O. stewarte ? X 20, (19502); j, D. carinatus Wells, n. g., n. sp.. X 15, (19473). 


Diagnosis—Small to relatively large shagreen denticles, rounded rhombic, 
quadrangular, or irregularly elongate or transversely oval in outline, consisting of 
a broad crown ornamented by numerous spinelike tubercles with enamelled anter- 
iorly indented, anteriorly sloping faces and acute, posteriorly inclined tips, resting 
directly on an often internally convex, lamellar base. Scale center very fine, ir- 
regularly branching tubules. Base containing innumerable very fine straight 
tubules which radiate horizontally from the scale center when the base is flat, or 
peripherally when it is convex. Very small pulp cavities beneath the tubercles 
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which contain highly developed, ramifying dentine tubules. Pulp cavities united 
by feeble horizontal meshwork of intercommunicating canals opening on the outer 
surface between the tubercles but none of them apparently penetrating the dense 
basal layers. Anterior sides or edges cf denticles devoid of tubercles over a nar- 
row strip where overlapped by preceding denticles. 

Genotype.—Ohiolepis newberryi, n. sp. 

Remarks.—The distinctive character of these dermal scales or denticles lies in 
their ornamentation of inclined, indented, acute tubercles which are not recumbent, 
highly elongated, broadly grooved and interfused as in Cladole pis. 


Ohiolepis newberzyi, n. 52. 
Plate 3, figuzes 8-18: Plate 8, ficures 3, 5, 6 


Text fizune 7, ad, f, = 


Scales having the structure of the genus as diagnosed above; reg- 
ularly rhombic, elongate-rhombic, or irregularly oval in outline, with a thick, 
convex base. Surface ornamented with rows cr series of posteriorly inclined 
spinelike enamelled tubercles, each bearing a deep groove on the anterior. slope. 
Axes of the spines commonly parallel with the antero-posterior diagonal of the 
eenticle. A narrow, plain margin surrounds the ornamented central area, usual- 
ly broader on the anterior, overlapped edges. 


Description. 


Dimensions.— 


Shape Tubercles Length and Width Height 
rhombic 7 to ca. 140 O:5; x 2:5) min. 0.3 -0.7 mm, 
elongate-rhombic 6 to ca. 100 0.5 X 0.35 
to 
Dd 5S Sisk 0.25-0.7 
irregularly oval 20 to ca. 120 1.8 x 08 
to 
2:5 3 1-5 0.4 -0.7 


Localities and material.—First bone bed: 3 (19467), 5, 11. Second bone bed: 
I, 2 (holotype and paratypes, 19466), 4, 6, 17, 18, 19, 20. Third bone bed: 7 
(19469), 8 (19470), 10, 12, 13. Fourth bone bed: 15. Rocky Branch bone bed, 
Indiana (19468). 

Remarks.—This scale type is relatively commen in all the Ohio bone beds. 

The spinelike tubercles show differences in form in different specimens. The 
commonest condition is an inclined acute cone, subtriangular in cross section with 
a deep groove in the anterior face. The depression may be so extensive as to 
leave only a rim on the anterior face, and the tubercles resemble those on the 
scales of Onychodus sigmoides except that they are less inclined, narrower, and 
the rim is not horse-shoe shaped. On some specimens the anterior tubercular 
groove is very shallow and developed only near the base, the upper two-thirds or 
so being half-conical and strongly curved backwards, often overlying the next 
tubercles and even fused to it. In a few specimens the tubercles are blunt and 
nearly club-shaped, usually very closely set and more or less fused basal- 
ly. Very rarely specimens have tubercles compressed with their longer axes 
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lying in a dorso-ventral plane, and closely packed or imbricated in two or three 
antero-posterior series, or forming a tangled mat. 

The arrangement of the tubercles follows a fairly distinct pattern in most spec- 
imens. in rhombic and elongate-rhombic scales the dorso-ventral diagonal is 
marked by a row of tubercles which tend to be larger distally from the scale center. 
Tn frent of and behind this series are roughly parallel, shorter ones, their marginal 
tubercles tending to be concentrically arranged. In the irregularly oval scales the 
tubercles seem to form series radiating from the scale center. 

Most specimens are relatively unworn, or at least were so before becoming 
detached from the cadaver, but a few show visible signs of ante-mortem wear 
especially in the center of the scale where it is thickest. Such worn specimens 
evidently occupied a ventral position on the depressed body of these bottom 
dwellers. 

Ohiolepis stewartz, n. sp. 
Plate 3, figures 19, 20 
Text figure 7, e, h, i 


Description.—Small dermal denticles consisting of a very thin, broad, flat base, 
rounded rectangular in outline, commonly with a central anterior tonguelike 
extension; bearing a relatively small number (3 to 10) of spinelike tubercles 
similar to those of O. newberryi in shape and structure, arranged in a single trans- 
verse series, the central ones smaller and often with one or two adventitious tu- 
bercles here and there between them. 


Dimensions.— 
Specimen Length Width Tubercles 

I 1.0 mm. 0.4 mm. 3 
2 0.2 0.5 

3 03 1.0 5 
4 55 fons) 6 
5 0.4 0.6 7. 
6 0.4 0.8 8 
7 0.7 0.7 9 
8 0.5 0.75 10 


Localitizs and material—First bone bed: 3, 5, 11 (holotype, 19471). Second 
bone bed: 1 (19472), 6, 16. Third bone bed: 7, to. 

Remarks.—This rather uncommon scale type is reatily distinguished by its very 
thin, flat base and relatively few tubercles. There is some individual variation in 
eutline and development of the anterior tongue. In a few specimens a posterior 
tongue may appear. Some depart strongly from the transverse shape and are 
long and narrow with very strongly compressed tubercles with merely a trace of 
the antero-basal groove (number 1 above). One specimen, quadrate in outline, 
bears two antero-posterior rows of thin, imbricated tubercles. 
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Genus DEIROLEPIS, n. gen. (organ genus) 
(? Cooperella Gunnell, 1933, non Carpenter, 1864) 

Diagnosis.—Small shagreen denticles with thin, slightly convex crown sloping 
anteriorly sharply with respect to the plane of the base; proportionately very long 
neck; and a flat, subcircular, very thin base. Coronal surface with a few relatively 
coarse, rounded, parallel ridges. 

Genotype.— Deirolepis carinatus, n. sp. 

Remarks —Distinguished by the angular rather than sub-parallel relationship 
between the coronal and basal planes, by the long neck, very thin base, and by the 
relatively few, coarse, simple, parallel ridges. In some specimens the inclination 
of the crown is such that its anterior edge is nearly merged with the base. 

Cooperella Gunnell includes at least one species—C. erova (1933, pl. 31, ngs. 
73-75)—which falls within this scale type. 

Deiroiepis carinatus, n. sp. 
Plate 3, figure 21 
Text figure 7 j 

Description —Dermal denticles having the characters of the genus as diagnosed 
above. Coronal surface elongate-oval in outline, often flaring postericrly and 
bearing 2 to 5 parallel ridges, its width equal to or greater than the width of 
the base. 


Dimensions.— 
Specimen Ridges Length Width Height 
I 2 0.5 mm. 0.3. mm. 0.3 mm. 
2 3 0.4 0.5 0.5 
3 3 O.7 0.7 0.4 
4 3 0.8 0.75 0.6 
5 3 0.5 0.6 0:3 
6 4 0.6 0.5 0.4 
7 4 0.9 0.6 0.4 


Localities and material.—First bone bed: 3. Second bone bed: 1, 2 (holotype, 
19473), 6, 9?, 20. Third bone bed: 7, 8, 10. Rocky Branch bone bed, Indiana (?). 

Remarks.—This distinctively marked form is uncommon in the bone beds, less 
than a dozen specimens having been found. 

One specimen from locality 9 is doubtfully included here. It has the flat base 
and long neck of Deirolepis, but the coronal surface is larger than normal and 
bears 10 ridges convergently arranged as in Cheiracanthoides. A similar specimen 
with 12 ridges was found in the Rocky Branch bone bed of Indiana. 


Suborder PLEURACANTHODII 
Genus PHOEBODUS St. John and Worthen, 1875 (organ genus) 


Remarks.—Although Phoebodus may be only a variant of Dittodus (“Diplo- 
dus”) (Hussakof and Bryant, 1919. p. 148), species of it are commonly suf- 
ficiently distinct to warrant retention of the name for teeth with well-developed 
intermediate denticles between the median and lateral cusps. 
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Figure 8.—Pleuracanthodian teeth—a, P. (?) bryanti Wells, n. sp. Kiddville bone bed, an- 
terior, lateral, and posterior aspects, X 12, (19476); b, e, d, P. floweri Wells, n. sp.; b, ¢, 
East Liberty bone bed, x 20, x 10, (19474); da, Kiddville bone bed, x 10, (19475). 


Phoebodus floweri, n. sp. 
Plate 3, figures 22, 23 
Text figure 8 b-d 

Description —Small teeth, 1.5 to 4.5 mm. wide and 1 to 3 mm. high, with three 
principal cusps, the median one slightly shorter than the laterals, with single mi- 
nute denticles between the median and each lateral. Cusps subconical, compressed 
antero-posteriorly with sharp lateral keels, curved backwards, the laterals also 
curved slightly outwards, posterior surfaces smooth, anterior surfaces marked by 
3 to 5 strong, slightly spiral striations, some of them bifurcating basally. Elongate, 
rough “‘button” on posterior part of base. 

Localities and material—East Liberty bone bed (holotype, 19474) ; Kiddville 
bone bed (hypotype, 19475). 

Remarks.—This tooth is probably very closely related to P. sophie St. John 
and Worthen (1875, p. 251, pl. 1, fig. 14 and P. macisaacsii (St. John and 
Worthen) (1875, p. 252, pl. 1, figs. 12, 13) from the lower Upper Devonian Cedar 
Valley limestone of Iowa, but it is smaller, with more sharply striated cusps. 
P. priscus (Eastman) (see Hussakof and Bryant, 1910, p. 145, pl. 44, fig. 3; text 
fig. 51) from the lower Upper Devonian of Illinois and upper Middle Devonian 
(Conodont bed) of New York is much larger, with twice as many striations on 
each cusp, but otherwise very much like P.floweri. 

This is one of the very few records of the dittodont-phoebodont type of shark 
teeth in the Middle Devonian. They occur in the “Tully pyrite” bed in western 
New York (Hussakof and Bryant, 1919, p. 149; Bradley, 1866, p. 71) together 
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with P. sophie (collected by the writer). A specimen referable to D. grabawi H. 
and B. has been collected by the writer in central New York from the upper part 
of the Tully formation. One of the teeth from the lower Olentangy shale of central 
Ohio figured by Stauffer (1938, pl. 53, fig. 38) probably pertains to P. floweri. 
Others figured by him (pl. 53, figs. 45, 40) are less Geterminable but seem to be 
Phoebodus, but neither P. floweri nor P. ? bryanti, described below. 


Phoebodus ? bryanti, n. sp. 
Plate 3, figures 24-27 
Text figure 8 a 

Description —Very small teeth, 1 to 3.5 mm. in width and about the same in 
height, with three principal cusps, the median one shorter and slenderer than the 
laterals, with one, or more commonly two, minute denticles between the median 
and each lateral. All cusps smooth, ovoid in cross section, with obtuse or 
sharp lateral edges and curved strongly backwards from their point of origin, 
the laterals also being curved outwards. Base thin, wider than high, convex an- 
teriorly, strongly concave posteriorly, forming a strongly curved plate; no 
“button”; two small pores in the lower center of anterior side, and a narrow 
slotlike pore opposite these on the posterior surface. Substance of cusps and 
denticles polished and translucent; that of the base dull and opaque. 

Localities and material —Kiddville bone bed, Kentucky (holotype and paratype, 
19476) ; East Liberty bone bed, Logan Co., Ohio (hypotype, 19477). 

Remarks.—This tooth is marked by the peculiar shape of the base which is un- 
like that of normal cladedont, dittodont, or phoebodont teeth, and at first glance 
the cusps seem to be incline’ stronely forward rather than backwards as usual. 
For these reasons the reference to Phoebodus is tentative and provisional—a new 
genus may very well be involved, Dittodus grabauwi Hussakof and Bryant (1910, 
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Figure 9.—Onychodus seales—a, b, ¢, fragments of scales, X 10, X 15, x 15 (19479, 
19483, 19503); d, e, f, small dermal elements, X 15, X 20, 20, (19479, 19480, 19482). 


141 DeEvoNIAN FisH Rematns: WELLS 43 


p. 147, text fig. 52) from the uppermost Middle Devonian (Conodont bed) of 
western New York, is a variable smooth-cusped form, some specimens of which 
are phoebodont, and very small specimens of which resemble P. ? bryanti closely 
except for the base and cusp relations. 


Subclass OSTEICHTHYES 
Division CROSSOPTERYGII 


Order RHIPIDISTIA 
Family ONYCHODONTIDAE 
Genus ONYCHODUS Newberry, 1857 
Onychedus sigmoides Newberry 
Plate 3, figures 28-38; Plate 4, figures 19, 20; Plate 8, figures 7-11 
Text figure 9 a-f 


Onychodus sigmoides Newberry, 1857, Proce. Nat. Inst. (nm. s.), vol. 1, p. 124; 1873, Geol. 
Surv. Ohio, vol. i, pt. 2, p. 299, pl. 26, figs. 1-5; pl. 27, figs. 1-2; 1889, U. S. Geol. Surv. 
Mon., vol. 16, p. 56, pl. 36, figs. 1-4a; pl. 37, figs. 1-10. 


Localities and material—Remains of Onychodus occur in the bone beds at 
every locality in Ohio, Indiana, and Kentucky, as well as scatteringly throughout 
the Middle Devonian limestones of the Cincinnati arch area. The supposed dermal 
denticles or scales described below, inter alia, have been noted from the First bone 
bed, 11 (19482) ; Second bone bed, (19480) ; Third bone bed, 7, 8, 14 (19479). 

Remarks.—lIsolated parts of this powerful and well-armed fish, which must 
have attained very large proportions®, are among the commonest fish remains 
throughout the upper part of the Columbus formation (Klondike member) and 
the Delaware formation, in the form of dentaries, scales, symphysial teeth, and 
isolated cranial bones. Scarcely a specimen of the bone beds can be found that 
does not contain many small conical teeth and little scraps of bone and scales. 
These small fragments are classified as follows: 

b. Fragments of fin rays. 
c. Body scales, large and small. 
d. ?Dermal denticles 
aa. With keeled base and broad flange. 
bb. With flat or concave base and very narrow flange 
aaa, With a single drumloid tubercle. 
bbb. With 1 to 10 horse-shoe shaped tubercles. 
em teeth 
aa. Symphysial teeth. 
bb. Laniary teeth, with fluted base. 
cc. Interlaniary teeth, with subconical base. 
The bone and scales are easily identified, even from very small bits, by the 


8If the body proportions of Onychodus were approximately those of Holoptychius, then a 
fragment of the anterior portion of a left dentary in the Ohio State University Geo- 
logical Museum (11480), indicating a dentary originally at least 35 em. long, belonged to a 
fish no less than four meters long. Or, if it had the slenderer build of Osteolepis, at least 
5% meters long. In either case individuals of this genus were by far the largest fish of 
Middle Devonian times, although smaller than the climax arthrodirans Dinichthys and 
Titanichthys of the Upper Devonian Ohio and Cleveland shales. ; 
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characteristic ornamentation of close-set, often anastamosed, small, enamelled, 
broadly grooved tubercles. These resemble plastic cones that have been flattened 
by pressure applied diagonally downward from one side just below the apex, or 
more simply they are horse-shoe shaped’. In some places, especially on cranial 
and gnathal bones and large body scales, the tubercles are drumloid with 
ridges radiating backwards from the forward apex, and resemble those of 
the bone fragments from the Upper Silurian bone beds of Oesel named Lophos- 
teus superbus by Rohon (1893, pl. 1, figs. 38, 39), and whose structure he 
compared with that of the scales of Holoptychius (1893, p. 74). in size the 
tubercles range from 0.2 to 0.5 mm, in diameter and about half as high. The 
surface of dentary and cranial bones and very large scales is dense, with tiny 
granulations between the tubercles. The surface of smaller scales, however, is 
usually net dense, and the tubercles arise from a series of fine parallel ridges 
which in turn overlie a dense laminar layer. Small bits of these scales lacking any 
tubercles and showing only a basal layer with fine parallel granulated ridges occur 
occasionally in bone bed residues. 

In thin section the scales and bone show the structures of the cosmoid type, 
with a thick basal isopedin layer overlain by the exposed vascular layer on which 
re the scattered cosmine tubercles (Plate 8, figures 7-9). The reduction of the 
cosmine layer in Onychodus is similar to that found in ne other crossopterygians, 
Holoptychius and Glyptolepis, and in the dipnoan Dipterus (Forster-Cooper, 1937, 
figure 32) the lower part of the cosmine tuberculated layer is continuous and the 
vascular layer is rarely exposed, One specimen from the Third bone bed shows 
le irge drumloid tubercles overlying the small horse-shoe shaped tubercles (Plate 3, 

ure 36). 

“Three kinds of very small dermal elements have been found sparingly in the 
bone beds, all of them bearing the Onychodus type of tubercle ornamentation. The 
first is a single multi-ridged drumloid tubercle about 0.5 mm. long resting on a 
thin flangelike plate about 1 mm. in diameter, below which projects a_ stout 
obtusely rounded keel (Plate 3, figures 31, 32). In one specimen the flange is 
turned up on one side, These denticlelike studs may have been set in the fleshy 
tissues around the symphysial whorl of teeth between the tips of the dentaries. 
he second type is similar but has a very narrow flange and no basal projection— 
he base being flat or slightly concave. The third type is a small, thin subrhomboid 
tud with several horse-shoe shaped tubercles surrounded by a relatively broad, 
thin flange of cosmine, with a slightly convex base (Plate 3, figure 34). 

Two types of very small curved conical teeth, both peloneine to Onychodus, 
are very abundant in the bone beds (Plate 3, figures 37, 38). One is long and 
slender, with a fluted, hollow, flaring base; the other is proportionally shorter and 
thicker, with a constricted, tapering, nonfluted base. The first type represents the 
laniary teeth between which in the dentary are set the slightly more numerous 
short, fat, interlaniaries. !n thin section the teeth consist of a simple cone of den- 
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7TThe tubercular ornamentation is almost exactly like that of some species of Glyptolepis, 
especially the specimens identified as Glyptolepis, sp. cf. G. paucidens Agassiz by Kiaer 
(1915, p. 46, pl. 6, fig. 1) from the Upper Devonian of Ellesmereland. 
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tine overlain by a very thin, minutely striated layer of enamel, with a large, open 
pulp cavity (Plate 4, figures 19, 20; Plate 8, figures 10, 11). 

One small specimen (Plate 3, figure 33) is thought to be part of a fin ray. It 
is a hollow rod, quadrangular in cross section, 0.75 mm. across a side, with a 
shallow longitudinal groove along the middle of two opposite sides. Small pores 
in the bottom of these grooves communicate directly with the internal longitudinal 
cavity. The resemblance to the fin rays of Eusthenopteron is very close. 
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EXPLANATION OF PLATE I (7) 


FRONTISPIECE 

Page 

Above. Residue of bone material from sample of First Ohio bone bed, Scioto quarry, 
Franklin County, Ohio, x 6, (19486). - 

Below. Thin section of sample of Second ‘Ohio ‘bone bed, “Marble ‘Cliff, “Franklin: County, 

Ohio, X 6. (19487). The gray and nearly white areas are fragments of brachiopods, pelma- 

tozoan ossicles, and bryozoans; the very dark gray and black areas are fish material— 


bones, teeth, and scales. 5 
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i 
; 


50 


Figure 
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17-25. 


26-27. 


28-32. 


33- 
34-36. 


37-38. 


40-41. 
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EXPLANATION OF PLATE II (8) 
Page 


Olioaspisstiumulosus Wells, niac...) Sp) 22 16 

Figure 1, forma typicus, holotype, Second bone bed, Loe. 2, « 6, (19405) ; 

2, 3, forma typicus, Third bone bed, Loe. 8, 6, (19407); 4, forma turritus 

Third bone bed, Loe. 8, * 6, (19410); 5, 7, forma typieus, Third bone bed, 

Loc. 8, X 6, (19407); 6, forma typicus, Third bone bed, Loe. 7, x 6, 

(19406) ; 8, forma turritus, holotype, Third bone bed, Loc. 7, < 6, (19409) ; 

9, forma clavulus, holotype, First bone bed, Loe. 3, x 6, (19414); 10, forma 

turritus, Second bone bed, Loe. 2, « 14, (19411). 


Ohioaspustlamellatus: Wells ji. (spn se ann 19 
Holotype, First bone bed, Loe. 5, x 14, (19419). 
Ohioospisimposius Wells,m. Sp, 22-2 ee 19 


Figures 13, 16, holotype and paratype, Third bone hed, Loe. 7, X 14, X 6, 
(19415) ; 12, Rocky Branch bone bed, Indiana, < 14, (19416); 14, Second 
bone bed, Lee. 2, X 14, (19417); 15, Third bone bed, Loe. 8, x 6, (19418). 

Gheiwacanthoides, compius Wells, n.-¢., nsp. 

Figures 17, 18, Second bone hed, Loes. 4, 2 X 6, (19423, 19422); 20-23, 
25, holotype aud paratypes, Third bone bed, Loc. 7, X 6, X 14, X 6, X 6, 
X 14, (19420) ; 19, 24, Third bone bed, Loc. 8, X 14, 6, (19421). 

Chewaconthowdes comis Wells, nicsps ce 24 

Figure 26, Second bone bed, Loe. 16, holotype, X 14, (19425); 27, Third 
bone bed, Loe. 8, X 14, (19426). 

Cheiracanthoides venustus Wells, n. sp. —————----_-----—----— 2 25 

Figure 28, Third bone bed, Loc. 8, X 14, (19428); 29, 30, paratype and 
holotype, Second bone bed, Loe. 17, X 6, (19427); 31, 32, Second bone bed, 
Locs. 1, 2, & 6, (19429, 19430). 


Chewacanthoides breviplicatus Wells; nusp. 25 
Holotype, Second bone hed, Loe. 1, & 14, (19481). 
Efelolepis bellavugosus Wells, n-¢.nsps ee 27 


Figure 34, holotype, Second bone bed, Loc. 1, * 14, (19482); 35, Second 
bone bed, Loe. 2, 6, (19433) ; 36, Second bone bed, Loe. 17, * 14, (19434). 
Melolepusuenustulordes Wells. 1: (Spy ec 27, 
Figure 37, Third bone bed, Loe. 7, X 6, (19436) ; 38, Third bone bed, Loe. 
8, X 14, (19435). 


AlCant hordes, war diy Vel Sasti nis [ys ee a rere 28 
Holotype, Third bone bed, Loe. 8, X 14, (194387). 
COnthOLdesesclOLOemsis, NVElLSs ein Spy eco ene nS 28 


Figure 40, Second bone bed, Loe. 2, X 14, (19439); 41, holotype, Third 
bone bed, Loe. 8, & 14, (194388). 


2) Alcanihoides dublinensus (‘Staritter) je a ee 29 


Second bone bed, Loe. 1, 14, (19446). 


PlecinodusxONtOemsiSaNViell Ss aia Sp. ee ee ee eee 30 


Third bone bed, Loe. 7, X 14, (19442). 


walectrodusmulidentatus Wellsen (Spa ee 30 


Holotype, First bone bed, Loc. 5, x 14 (19446). 


Dre pangs pid fulenale scale m (G2) yee ee ree eee ee ee ee 14 


First bone bed, Loe. 5, & 14, (19403). 


MUGHKOCONTNUS INC OSTICNU NIVEL SS tas [sees eee ea 31 


Figure 46, holotype, Third bone bed, Loc. 8, & 6, (19451); 47, Rocky 
Branch bone bed, Indiana, x 6, (19452). 
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EXPLANATION OF PLATE III (9) 
Figure Page 
t. Rhynchodus, sp; 22 33 
Rocky Branch bone bed, Indiana, X 6, (19457). 
2-7. Cladolepis gunnelli Wells, n. g., mn. sp. —----——----------------—-------------— 37 
Figure 2, East Liberty bone bed, X 6, (19464); 3-6, holotype and para- 
Ric ae bone bed, Kentucky. X 6, (19463); 7, (this species?), 
Guarry limestone, Iowa, X 6, (19465). 
8-18. OVisienis newberr3i Wellssnxeean spy =e 38 
Figures 8, 11, 12, holotype and paratypes, Second bone bed, Loc. 1, x 14, 
(19466); 9, 16, First bone bed, Loc. 3, X 6, X 14, (19467); 10, Rocky 
Branch bone bed, Indiana, X 6, (19468) ; ; 13- 15, 17, 18, Third bone bed, Loe. 
7, X 6, X 6, X 6.x 6 X14, (19469): 
19,20 Ohiolepis stewarte Wells. (Sp. =. 39 
Figure 19, holotype, First bone bed, Loe. 11, xX 14, (19471); 20, Second 
bone bed, Loe. 1, x 14, (19472). 
Zi D eurole pis c CTANALUS: NVEllS sem NOs eta aS Ds mecca ee re ee ee 40 
Holotype, Second hone bed, Loe. 2, x 14, (19478). 
22,23:. Phoebodus flowery Wells, ta .Sps se 41 
Figure 22, Kiddville bone bed, Kentucky, xX 6, (19475); 23, holotype, 
Kast Liberty bone bed, x 6, (19474). 
24-27. Phoeboausy, bryonty Wellsnitsp. =) nn 42 
Figure 24, East Liberty bone bed, X 14, (19477); 25-27, holotype and 
paratype, Kiddville bone bed, X 14, X 6, X 6, (19476, 19477). 
28 Bon ONVCHOGWS SO NLOTAESaINIGW DET; y) eee eee eee 43 


Figure 28, scale fragment, Third bone bed, Loe. 7, X 6, (19478) ; 29, seale 
fragment, Third bone bed, Loe. 14, X 6, (19479); 30, skin denticle, Third 
bone bed, Loe. 14, X 14, (19479a); 31, skin dentiele, Second bone bed, Loc. 
2. <4 (19480) ; 32, seale fragment Delaware form., Delaware, O., < 14, 
(379 34); 38, fin ray (%), Second bone bed, Loc. 6, X 6, (19481); 34, skin 
denticle (2), First bone bed, Loe. 11, xX 14, (19482); 35, scale fragment, 
Third bone bed, Loe. 8, X 6, (19483) ; 36, scale, Third bone bed, Loc. 7, Xx 6, 
(19478) ; 37, 38, interlaniary and laniary teeth, Third bone bed, Loe. 8, x 6, 
(19483). 
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Figure 


I-A. 


5,6. 


xy 


19,20. 
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EXPLANATION OF PLATE IV (10) 


Page 


Plectrodus ohtoensis: Wiellsjsmeisp! 222-2 ee 
Figure 1, Second bone bed, Loe. 17, * 25, (19443); 2, holotype specimen 
from Columbus formation, 24 inches below Second bone bed, Hobo quarry, 
x 25, (19441); 3, Second bone bed, Loe. 2, K 25, (19444); 4, Second bone 
bed, Loe. 9, & 25, (19445). = 
Plectrodusvacwuleatus: \WiellssnsiS[)i se ee ee 
Figure 5, Second bone bed, Loe. 9 x 25, (19448); 6, holotype, Third bone 
bed, Loe. 7, X 25, (19447). 
Drepanaspideplateatragmient:, se ee 
Third bone bed, Loe. 8, X 15, (19401). 
Drepanaspid-onathite (i) = ee Se eee 
Third bone bed, Loe. 8, X 15, (19402). (Not figure 6 as stated in text.) 
Tivdetermimate pp ates year mesee sateen Se a eee on Ones ee a 
Third bone bed, Loc. 7, X 6, (19488). (Not figure 10 as stated in text.) 


eeoninolepis pusiulosusmNiew beri, ==. = een eee en ee 


Fragment of spine, Third bone bed, Loe. 2, * 6, (19506). 


BURN NWCWO GUS SPs, ca ee ater oe ee eo a ee 


Surface of indeterminate plate, Third bone bed, Loe. 7, X 6, (19458). 
Coccosicususpatiulatiws Nie wile tiny: eee = ee ee 
Third bone bed, Loe. 7, (19453); 13, 14, external and internal aspects of 
basal plate, X 6,; 15, fragment of indeterminate plate, x 6; 16, 17, external 
and internal aspects of right antero-ventro-lateral (?), X 2; 18, indetermi- 
nate plate fragment, Second bone bed, Loe. 2, « 6, (19454). 
Onychodus sigmoides Newberry, 22 
Figure 19, longitudinal section of laniary tooth, Third bone bed, Loc. 8, 
15, (19485) ; 20, vertical section through upper part of dentary and tooth, 
Delaware formation, near Delaware, x 15, (19484). 
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EXPLANATION OF PLATE V (11) 


Figure 
t-4. Drepanaspid) plate 2... 22 ee ee 14 


Third bone bed, Loe. 8, (19401). 1, vertical section, x 45; 2, 3, 4, parts o 
same section, < 180. 
5-O. Ohnoaspisitumulosus Wells) nye. mt:Sp.) eee 16 
Figure 5, forma turritus, vertical section, 45, Third bone bed, Loe. 8, 
(19412); 6. 7, 8, forma typicus, 6, vertical section, paratype, « 45, Second 
bone bed, Loe. 2, (19406): 7, 8 horizontal basal and vertical sections, Third 


bone bed, Loe. 8, & 45, (19408). 
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PLATE VI (VOL. PL. 12) 
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EXPLANATION OF PLATE VI (12) 
SECTIONS 
Figure J 
He WO repanas p1cetul eral 4s Call eject e  eneeE emET4 
Transverse vertical, Third bone bed, Loe. 8, x 45, (19404). 
2. Cheiracanthoides comis Wells, n. g.,n. sp. —--—-- A SS Ere eae ae 24 
Longitudinal vertical, Third bone hed, Loc. 8, & 45, (19426). 
354. (‘Cheiracanthoides comptus Wells, msgs, N-Sps, 23 
Second bone bed, Loe. 26, longitudinal vertical section: 5, * 45; 4, sam: 
> 180, showing bone cell cavities, (19424). 
5. Section of Second bone bed, Marble Cliff —-... Sie eh eee 20 
Showing in center and at bottom acanthodian scales; center scale is oie: 
ed through base and shows bone cell cavities, x 45, (19487). 
6. Plectrodus multidentatus Wells, n. sp... = 30 
Transverse section through lower part of tooth and enclosing tissu 
Third bone bed, Loc. 7, * 180, (19449). 
7. Ptyctodus calceolus Newberry and Worthen _...-______..___.._.=_ 34 
Section parallel to tritoral surface, State Quarry beds Iowa, 
(19460). 
S10 POl@Omylus, Spi a 2 = ee ee 24h 


Sections parallel and perpendicular to tritoral surface, Third boxe bed, 
Loe. 8, X 45, (19461). 
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EXPLANATION OF PEATE VE (a3) 


SECTIONS 
Figure Page 
1, Macheracanthus mojorsNewbertry, 23 31 
Transverse secticn of axial part of spine, Second bone bed, Lee. 4, ~ 45, 
(19450). 
QEAS TRY NCWOUUS a Spy eee Sa ae eames ee Le 33 
Vertical sections through plate, Third bone bed, Loe. 7, x 15, 45, 
% 180, (19458). 
Sa Acantholepus, pustulosus NewDertys css ee 160 
Vertical section of spinelike plate, Columbus form., Marion, O., x 45, 
(11481). 
6Rhynchodussecanss Newbery: 34 
Vertical section of cranial plate, Delaware form., Sandusky, O., x 45, 
(19459). 
TOS RYH CWO CUS AS Pi cee soe sees a He Ree 1S ke eis OR Nee ee ee 33 


Vertical sections of plate, Third bone bed, Loe. 7, * 45, K 180, (19458). 
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EXPLANATION OF PLATE VIII (14) 
SECTIONS 
Figure Page 


TasCoccosteus: spatulaius.) Newbery) se ens 
Vertical secticn of cranial plate, Third bone bed, Loe. 


2. Macropetalichthys rapheidolabis Norwood and Owen -...-----_--- 34 
Vertical section of cranial plate, Columbus formation, Columbus, x 45, 
(19462). 
3,5:0. Ohtolepis newberryt Wells, n. g., mn. sp. ———- eee 38 
Figure 3, longitudinal vertical, Third bone bed, Loc. 8, x 45, (19470) ; 
5, 6, longitudinal and transverse verticals, Second bone bed, Loe. 1, X 45; 
(19466) . 
Ae Gladolepis-gqunuells Wellsy in. o.,)1. Spy ee eee ee aey/ 


Transverse vertical seciiou, Kiddville bone bed, Kentucky, >< 45, (para- 
type, 19463). 
7-11. Onychodus sigmoides Newberry 
Figures 7, 8, vertical section of small seale, in ordinary light and with 
erossed Nicols, Delaware formation, Delaware, O., X 45, xX 40, (19484) ; 
9. vertical section of large scale, Delaware form., Delaware Co., O., xX 40, 
(19485) ; 10, 11, transverse sections of laniary tooth, Third bone bed, Loe. 8, 
X 180: 10, marginal, showing striated enamel of exterior; 11, internal, show- 
ing dentine, (19483). 
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TWO SPINE ROWS IN A FLORIDA BUSYCON CONTRARIUM 
By 
BuRNETT SMITH 


INTRODUCTION 


Nodes or tubercles on the shoulder angle are present in the early conch stages 
of Busycon. In the unchanneled Busycons the blunt nodes usually grade into 
relatively sharp spines on the mature shoulder angle. As a rule these Busycons 
have spines on the shoulder angle only. Exceptionally there may be an additional 
spine row. Such a row below the shoulder angle is a specific character in Busy- 
con echinatum (Dall) (Dall, 1890, p. 117, pl. 9, fig. 2). Occasionally an extra 
spine row occurs as an individual abnormality in a species which normally has 
only the shoulder angle spines. A spine row of this type above the shoulder 
angle has been found in a Miocene specimen of Busycon contrarium (Conrad) 
and in a Pleistocene specimen of B. carica (Gmelin) (Smith, 1943). Hackney 
(1944, p. 143) reports similar occurrences for the Recent B. carica of the “Sound” 
in the Beaufort, North Carolina region. As individuals with an extra spine row, 
whether in Recent communities or in fossil assemblages, are associated with far 
greater numbers of normal individuals it is only reasonable to interpret them as 
freaks. In the belief that such cases should be recorded, the following note is 
presented. 


DESCRIPTION OF SPECIMENS 


The normal and abnormal specimens of Busycon contrarium (Conrad) (Con- 
rad, 1840, p. 387; 1861, republication of 1893, p. 81, pl. 45, fig. 11) described and 
figured in this paper were collected at Sanibel Island, Florida, by Katherine V. 
W. Palmer. 

In the normal specimen (PI. 1, figs. 1-3) whorls 1 and 2 are somewhat worn 
but whorl 3 is sufficiently well preserved to show both spirals and shoulder angle 
nodes. Whorls 4 and 5 have about 15 shoulder angle nodes each; those on 
whorl 5 have become spinelike. Eleven shoulder angle spines are counted for 
whorl 6 but shell growth is estimated to have stopped at 534 whorls. Three of 
the spines on whorl 6 are small. On whorl 6 spirals are well developed above 
the shoulder angle. Spirals are also present below the angle but here they tend 
to weaken with the progress of the ontogeny, There are probably 6 primary spi- 
rals above the shoulder angle. On whorl 6 about 7 spirals of a later cycle or 
cycles have been added. Above the shoulder angle there is no one primary spi- 
ral which greatly exceeds the others in strength. This normal specimen has a 
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long dimension of about 159 mm. It has been considered here to facilitate the 
discussion of the next specimen. 

In the abnormal specimen of Busycon contrariwm from Sanibel (PI. 1, figs. 
4-6) whorl 3, though not well preserved, shows spirals and shoulder angle nodes. 
Whorl 4 bears about 14 nodes. At about the start of whorl 5 the nodes have be- 
come spinelike. Whorls 5 and 6 have each about 14 shoulder angle spines. Shell 
growth is estimated to have ceased at 6144 whorls. There are three shoulder 
angle spines on the quarter whorl assigned to whorl 7. The last volution (parts 
of whorls 6 and 7) shows well-marked spirals above but weakening spirals below 
the shoulder angle. At about the start of whorl 6 one spiral above the shoulder 
angle is seen to be much stronger than its fellows. Followed toward the aper- 
ture this relative strength increases. Disregarding very fine spiral markings this 
strong spiral is the sixth above the shoulder angle at the aperture. If the strong 
spiral is traced backward from whorl 6 it can be identified as the second primary 
spiral above the shoulder angle. At about 544 whorls this strong spiral bears 
a weak spine whose growth line proves that it is contemporary with a much 
stronger shoulder angle spine. This double-spined condition of the aperture is re- 
peated at intervals during the remainder of the animal’s life. If incipient spines are 
counted, 15 such double-spined apertures were developed. In no case does the 
spine of the upper row attain the size of its corresponding shoulder angle spine. 
On account of aperture angulation the upper spine may be slightly forward of the 
corresponding shoulder angle spine. This abnormal specimen has a long dimen- 
sion of about 167 mm. 

COMPARISONS 

The Recent Sanibel specimen of Busycon contrarium with an extra spine row 
has 15 spines on this row if one counts incipient spines. The Miocene example 
of the same species noted by Smith (1943, pp. 4, 5, pl. 1, figs. 1-3) has 13 spines 
in the extra row. Two of these are incipient. If the whorl counts have been 
estimated correctly in each case the extra spines begin a little earlier in the Re- 
cent example. In each specimen the extra spines appear first in whorl 6. In 
each specimen the spiral bearing the extra spines becomes conspicuous before 
the spines appear. The spines in the extra row of the Pleistocene Busycon carica 
described by Smith (1943, p. 5, pl. 1, figs. 4-6) appear early in whorl 7 if the es- 
timated whorl count is correct. Counting 2 incipient spines there are g spines on 
the extra row and its spiral is conspicuous before the spines develop on it. The 
extra spines noted by Hackney (1944, p. 143) in Recent examples of Busycon 


” 


carica are stated to be on the “body whorl She writes: “Usually, * * *, they 
are noticeable only in this position on the shell, but sometimes a definite ridge is 
apparent in the same relative position on the spire.” 

In the abnormal Miocene and Recent examples of Busycon contrarium it 1s 
rather surely the second primary spiral above the shoulder angle which bears 
the extra spines. In the Recent specimen spirals of a later cycle or of later cy- 


cles are introduced between the spine-bearing spiral and the shoulder angle. The 
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spine-bearing spiral thus becomes the sixth spiral above the shoulder angle at 
the aperture. No such addition of secondary or later spirals takes place in this 
part of the shell in the Miocene specimen. Here the spine-bearing spiral is sep- 
arated from the shoulder angle by the first primary spiral only. The first prim- 
ary spiral degenerates markedly toward the aperture. 

Preservation of the Pleistocene example of Busycon carica is not regarded as 
sufficiently good to justify an attempt to determine the cycle and number of the 
spiral bearing the extra spines. However, there is a strong probability that this 
spiral is one of the primary spirals. 
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EXPLANATION OF PLATE 1 (15) 


Figure Page 


=e, JES eOne aclaa onan ((Coraireval)): es a 3 
Normal individual with spines at the shoulder angle only; long 
dimension about 159 mm.; (1) nonapertural view, (2) apical view, 
(3) apertural view. P. R. I. No. 20038. Recent. Sanibel Island, Flor- 
ida. 


AO, JaWeOp. Govan (Comenel)) 2 4 


Abnormal individual with two spine rows, one at the shoulder angle 
and the other above it; long dimension about 167 mm.; (4) non- 
apertural view, (5) apical view, (6) apertural view. P. R. I. No. 
20039. Recent. Sanibel Island, Florida. 


(Photographs by Ethel Ostrander Smith) 
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A NEW JELLYFISH (KIRKLANDIA TEXANA CASTER) FROM THE 
LOWER CRETACEOUS OF TEXAS 


By 


KENNETH E. CastER 
UNIVERSITY OF CINCINNATI 
ABSTRACT 


Medusoid fossils from Denton County, Texas, found in the Pawpaw formation (Washita 
series) of the Comanchian, Lower Cretaceous, appear to belong to the Trachylina (Hydrome- 
duse), a group whose paleontologic record is very little known. A new family, Kirklandi- 
idz, is proposed to accommodate the new genus and species, Kirklandia texana Caster. Kirk- 
landia is unique for America, but appears to shed light on several European Problematica of 
analogous aspect. 


INTRODUCTION 

A “letter to the editor” of Natural History from Forrest Kirkland (1941) of 
Dallas, Texas, first called my attention to the curious fossils to be described in 
this paper. He was reporting certain jellyfishlike curiosities that he and his wife 
had turned up in pursuing their avocation of fossil-hunting. The photographs 
accompanying the letter were convincingly medusoid and immediately intrigued 
my curiosity because of their similarity in certain respects to Problematica from 
the Wyoming Upper Cambrian on which I was then working (Caster, 1942). 

Through Kirkland’s generosity, the University of Cincinnati Museum acquired 
some of his “jellyfish”. Cursory examination verified unique traits indicated by 
the photographs, and Kirkland was urged to submit the material to one of the 
specialists in Mesozoic paleontology for description. However, Kirkland had 
already recognized the importance of his discovery and had sent part of his ma- 
terial to the United States National Museum in the hope that someone there would 
find the opportunity to study it. By a chain of emergency circumstances, the 
job devolved on me in 1942, only immediately to be delayed by Army teaching 
responsibilities at the University. 

The real misfortune in this postponement was the unexpected death of Mr. 
Kirkland. Not only was it unfortunate that he did not live to see the project 
completed and his opinion concerning his discovery vindicated, but it left us 
without adequate materials to complete the study. With all the ardor of a true 
amateur he had undertaken to secure new materials, most of his original collec- 
tion having been generously distributed. Kirkland’s early death may be in part 
attributable to zeal beyond physical strength. 

Soon after, wartime travel restrictions were invoked, and it became imperative 
to assemble as much of Kirkland’s original collection as possible, if the study 
were to be done at this time. This garnering has proved to be a large task. But 
with the kind services of Mrs. Kirkland and several fossil-hunting colleagues in 
Dallas the search has been fairly successful, and apparently most of the original 
collection is now at hand. In the course of the quest, several important supple- 
mentary specimens have also come to light. 
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The United States National Museum material was made available through the 
courtesy of Drs. R. S. Bassler and J. B. Reeside, who also generously waived 
prior rights to describe the jellyfishes. Other specimens in the original suite were 
loaned by Dr. B. F. Howell of Princeton University, Dr. Gayle Scott of Texas 
Christian University, Dr. Archie MacAlpin of the Pan-Handle Plains Museum 
of West Texas State Teachers College, and Mr. F. V. Studer of Canyon, Texas. 
The Bureau of Economic Geology of the University of Texas, through the cour- 
tesy of Drs. F. B. Plummer and H. B. Stenzel, loaned a suite of topotype material 
and furnished information leading to several private collectors 

A very large part of the success of the hunt came from the wholehearted co- 
Operation of various Texas amateur geologists. Mr, William T. Watkins of San 
Antonio loaned his collection of topotype material and three important natural 
casts from a new locality; Messrs. Fred T. Moseley and Thomas D. Copeland 
of Dallas made their collections of Pawpaw molds available. Mr. Eugene Davis 
of the same city was most helpful in securing new data, as were also Mr. J. P. 
Conlin of Ft. Worth and Dr. M. A. Stainbrook of Texas Technological College. 

It will be clear from the ensuing pages that there is much yet to be learned 
about these curious fossils. We have had perforce to depend on materials in- 
cidentally, rather than specifically or professionally collected. And, indeed, it 
was not until the study was well under way that anyone was in a position to 
judge what supplementary structures or features ought to be sought. This is 
the usual difficulty in studies of the Problematica. Thorough collecting of the 
topotype site and the surrounding area ought to yield many new details of both 
disk surfaces. We need further data on the peripheral zone of the umbrella; 
clinching evidence of bell margin; material to settle the matter of oral arms vs. 
marginal tentacles, etc. Above all we need geologic data on the occurrence of 
the fossils, both physical and biologic. There are spoor of creeping and crawling 
and walking creatures commingled with the jellyfish. We need badly to know 
more about these associates. Such matters may well be a challenge to the en- 
thusiastic “dry-dredgers” of the Dallas area. 

The text figures were prepared by my wife, Anneliese S. Caster, who has also 
assisted in the preparation of the manuscript. The cost of engraving and collotyp- 
ing has been met by the Faber Fund for Paleontology of the University of Cin- 
cinnati Museum. 


FOSSIL ANALYSIS 


The assignment of these Problematica to the higher systemic categories is a 
tentative arrangement, and might even be viewed as a challenge to prove or dis- 
prove the designation. In most branches of invertebrate paleontology such assign- 
ments are in the main inferential, due to the absence of critical soft-part anatomy. 
In the present instance we must argue from inference and analogy all the way to 
specific characters. Closest contact with known organisms comes at the family 
level; from these similarities, in the main, the Hydrozoa and Trachylina are in- 
ferred. 


175 TEXAS CRETACEOUS JELLYFISH: CASTER V7 


Class HYDROZOA 
Subclass TRACHYLINA 
(?) Order TRACHYMEDUS Haeckel, 1866 


As will be brought out in the neontologic discussion at the end of the species 
analysis, Kirklandia does not fit with complete satisfaction in the order Trachyme- 
dusz. From familous similarities there does not appear to be much doubt of the 
Trachylina assignment, but there seems to be a subordinate three-way mingling 
of narcomedusid, trachymedusid, and novel traits. Although currently our data 
require the emphasis on traits of the second category, the combination of fea- 
tures may eventually warrant the erection of a new order of the Trachylina. This 
would in all probability contain, as well, certain other fossil Problematica which 
are now homeless. 

Family KIRKLANDIIDZE Caster, new 

Since neither fossil nor Recent acaleph families will accommodate the new 
medusz, it seems advisable to point out their distinctness by coining a new fam- 
ily for them. Like the monotypic new genus, the family Kirklandiidee shares the 
characters of the new species, because there is now no need to stratify features. 
Probably one should think of the fleshy gastric disk with insert and exsert lobes, 
pendant sex sacs (if such they be) and absence (external at least) of mesenterial 
walls, as family attributes. These seem to be adequate for separating the new 
family from the most similar medusids, the Ptychogastriidz’. 


Genus KIRKLANDIA? Caster, new 


Genotype-——Kirklandia texana Caster, new species. Pawpaw formation; Washita divi- 
sion of the Lower Cretaceous (Comanchian) in Denton County, Texas. 


Being monotypic, the new genus shares the species traits described below. When 
better known, and in the eventuality that new species are discovered, the generic 
characteristics of that analysis probably should include the central (manubrial) 
zone; the orally protuberant gastric cone; the tubular (?) radial canals in the 
mouth vicinity; and perhaps the circlet of cesophageal outpouches. Comparisons 
between Kirklandia and related genera will be found at the end of the species 
description. 

Kirklandia texana Caster, new species 
Plates 1-5. 

About 40 specimens of this curious fossil have been available for study. All 
of the topotypes, main mass of the collection, are external molds, and all but one 
specimen are imprints of the same side of the organism—here termed inferior. 
Three natural casts, presumably of the same medusz are known from a separate 
locality. 


1 Mayer (1910, vol. 2, p. 371) defines the ‘‘Ptychogastriide’’ as having numerous more 
or less isolated clusters of tentacles some of which bear adhesive tentacles; numerous free 
lithocyst clubs; 8 radial canals; 4 lips; 8-lobed stomach; stomach lobes lie in the radii of 
the radial canals and are bound to the subumbrella by means of 8 mesenterial partitions; 
the gonads lie upon the 8 stomach lobes and each is more or less divided by the mesentery so 
that there may be 8 double (16) gonads. Those features italicized in the above description 
are shared with the Kirklandiide, and bespeak the trachymedusid radicle—the one best de- 
veloped in the Cretaceous fossils. 


2 


2 Named in honor of Forrest Kirkland of Dallas, Texas, original discoverer of the 
fossils. 
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The study has been greatly facilitated by the use of latex rubber casts taken 
from the natural molds. Most of the photographs are of such “‘elastocasts’. In 
the following description, unless otherwise specifically stated, reference is con- 
stantly made to the original form of the organism, as judged from the casts. 

Whatever the systematic compartment to which the fossils are eventually re- 
ferred, their features are so very medusoid that the ccelenterate system of orien- 
tation and radial terminology greatly facilitates their description. These mat- 
ters are shown on text figures 1 and 2. The plates illustrate some of the better 
preserved specimens and show something of the form and mutability of the ma- 
terial. 

The fossils consist primarily of the imprints of scalloped disks ranging from 
44 mm. to about 100 mm. in diameter and up to 35 mm. in thickness. Topography, 
proportions, and dimensions are best conveyed by the photographs. The natural 
and rubber casts are irregularly biconvex or planoconvex, radially grooved, and 
complexly inflated in the sectors, one side—apparently the oral one—being much 
more distended. Nearly all of the specimens show preservational distortion 
suggesting unctuous or gelatinous flow, the while consistently showing evidence of 
original turgidity. Plate 4, figure 5, reveals a section of disk surface which 
seems to have shrunken and wrinkled before burial. Other specimens (e. g., 
Plate 2, fig. 2) show suggestions of what Kieslinger (1939) calls “cramp” (rigor 
mortis) in Jurassic medusz. 

From the limited number of specimens available, it is dangerous to make very 
sweeping generalizations as to radial plan, especially when dealing with such 
variable material—and by no means all of the variation is due to geological acci- 
dent. It does seem reasonably certain, however, that a basic four-part radial 
symmetry characterizes the “master plan”, as shown in text figure 1, Probably 
by coincidence, the best preserved specimens adhere to this scheme. Apparently 
all symmetries, odd and even, from 5 to 16 are represented in the collection. 
These variations seem to be attributable to various degrees of fission (complete 
or incomplete) of the four basic radial parts. Six and especially seven radii are 
common. In many, if not most, specimens there is asymmetrical and unequal 
growth (or perhaps distortion) of the radial elements. 

Oral or subumbrellar surface—We have many data on the aperture-bearing 
side of the disks, since this is the more spectacular and consequently commoner 
imprint collected. The plates give the general impression of this surface. It is 
a billowy, out-pouched, convex surface, the central area of which is rather deep- 
ly concave. At the center of the concavity is an ovoid or subpolygonal and 
commonly subquadrate area of bas-relief, analogous to the manubrial zone in 
the simpler acalephs. This area, (the MW area on figure 1) is elevated as a low 
mound above the general central concavity. Its center is excavated to varying 
depths, but usually to the common level of the concavity, in a ring fossa (Of) 
which surrounds a persistent and very characteristic tiny emergent cone 
(Co). The apex of the cone barely surmounts the “manubrial” area. Its base 
is about 1.5 mm. across in largest specimens. The diameter of the ring-groove 
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in the same specimens is about 4 mm. This annular furrow appears to represent 
the opening into the central chamber of the disk and probably reveals oral struc- 
tures impressed against opposing aboral ones. Outside the fossa is a framing 
swell (Wf). The angles of this swell are slightly produced (Ol) and are seem- 
ingly a bit roughened and wrinkled, though the entire surface of the swell seems 
to be finely lined, parallel to the sides. The frame (/f) is up to 1.5 mm. wide. 
Since the best preserved eight-part specimens show a quadrate central mound 
area, analogous to the ccelenterate manubrium, its orientation is taken to be perra- 
dial (Pr), and other radial positions are derived therefrom as in figure I. 

Although most specimens seem to show the lobes of the disk in perradial and 
interradial position as depicted in figure 1, at least one specimen seems to bear 
the lobes in adradial positions, as shown in figure 2. In the present discussion the 
condition shown in figure 1 is arbitrarily chosen for purposes of description. 
Better material may require modification in line with figure 2. These matters 
in no way alter the general concept of disk arrangement, but do show the vari- 
ability of the material. In this case it is probable that the manubrial quadrangle 
is shifted one-sixteenth of a circle one way or another by geologic distortion, and 
that in life was consistently in one or the other of these positions. 

A few specimens, such as the one seen on Plate 1, figure 5, and Plate 2, fig- 
ure I, seem to show, most imperfectly, and not altogether convincingly, a shadowy 
circlet of small globular pouches or sacs (Ggp) which lie contiguous to the oral 
fossa and apparently beneath the framing swell, wherefore perhaps their incon- 
spicuousness. The sacs, if such they be, seem to be directed centrifugally, and 
probably opened on the aperture. In no specimen is the circlet complete, and 
the dimensions are hard to ascertain. The average “sac’’ seems to be about 2 mm. 
in diameter. The number of these ghost-pouches is likewise hard to determine, 
for they appear to be in series with the disk petals in some instances while in 
others, and perhaps this is the more common state, they appear to be twice the 
petal number and lie on either side of the perradii and interradii (/r). If these 
wraiths at the limits of perception are bona fide they fit very intimately into the 
trachyline hypothesis later espoused. On the other hand, they are exceptional 
features to-day in the Trachylina, and dissipation of the “ghosts” will in no wise 
jeopardize the hypothesis. Details of the manubrial region are shown in figure 3. 

Leaving the manubrial swell, on the perradii and interradu of eight-part speci- 
mens, but on the primarily insert radii (see below) of all specimens, are semiter- 
ete coste, presumably radial, (7. e., canaliculate) tubular conduits (Ggo) from 
the ring fossa. In the largest specimens these conduits maintain their tubular 
state for about 5 mm. centrifugal from the swell, and then rapidly expand into 
the pendant pouches (Ggp). Each tubule is about 2 mm. in diameter where it 
leaves the manubrial swell. 

In adradial (Ar) position, between the elevated conduits (Ggo), and extend- 
ing from the margin of the polygonal frame (Mf) are primary sulci (S,). In the 
most perfect specimens there are eight of these. Each sulcus is centripetally ex- 
panded so as to create a stellate depressed zone (Ss) or circlet as the deepest 
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part of the central concavity of the disk. In some specimens the expanded sulci 
form depressed isosceles triangles rather than the more usual lanceolate areas. 
Both are shown in the plates. In the archetypical (four-part symmetry) speci- 
mens the four primary sulci (primary adradii) divide centrifugally to form sec- 
ondary sulci (S,). The alternating four manubrium-reaching adradii expand 
into broad subtrigonal depressed zones (Nr) on the disk margin, or continue 
without modification as “melon-grooves” around onto the aboral side of the disk. 
This is the regular plan, the oral aspect of which is shown in text figure 1. The 


Figure 1—Generalized plan of the structures of Kirklandia texana. Oral or subum- 
brellar view. This seems to be the basie four-part symmetry from which by asymmetrical 
centripetal insertion of exsert (Hx) lobes and perhaps by the splitting of the canaliculate 
radii the mutability of the species is attained. Exsert lobes stippled; gastrogenital pouches 
rulel; outermost margin entirely hypothetical. Manubrial orientation in relation to the 
lobes is problematical, but the condition here represented seems to fit the majority of Texas 
specimens. In this form there is complete schematie accord with the Trachymeduse, Ptycho- 
gastriide. See, however, figure 2. Ar- adrvadius; Cd- central disk (oral or gastrie disk) ; 
Cm- delicate circular corrugations or ruge of the peripheral zone (possibly ring-muscles or 
velar muscles) ; Ha- exsert lobe (fails to attain the manubrial zone) ;Ggc- interradial and 
perradial subterete carine (radial eanals, or gastrogenital canals); Ggp- swollen protuber- 
ances on the primarily insert lobes (gastrogenital saes on the radial canals) ; In- insert lobe 
(sector which attains the manubrial zone) ; Jr- interradius; M- quadrate or polygonal central 
elevated area of central disk concavity (manubrial zone); Mg- low carina between ovoid de- 
pressions on the swollen protuberances (possibly an internal remnant of the mesogonal wall) ; 
Nr- negative area of alternate adradii; Pd- paired depressions on the swdllen protuberances 
(perhaps indications of the gonads within the gastrogenital pouches); Pf- peripheral field 
(subumbrella or velum); Pr- perradius; S,- primary sulcus; §,- secondary suleus; SI- con- 
centric ruge of the peripheral zone (musele traces or shrinkage lines); Ss- ray of the sul- 
ear star. 
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regular condition seems, however, to be exceptional among the specimens. Non- 
alternative bifurcation of the basic sulci is commonplace. There seems to be an 
added complicating factor of centripetal migration of the point of sulcar splitting, 
so that in some instances additional sulci, originally secondary, attain the manu- 
brium. 

The sharp and deep sulcar furrows by splitting divide the disk into insert and 
exsert lobes or “sectors”. Here again the atypical (archetypical perhaps) plan 
is that represented in text figure I, with eight insert petals and four exsert. As 
we have seen in the discussion above, the centrad migration of the secondary 
sulci (S,) leads to an increase in the number of insert elements, and to asym- 
metry or odd-number symmetry. There seems also occasionally to be an extra 
exsert lobe; presumably brought about by other than original primary sulci 
dividing. This radial and asymmetrical fractionation of the disk seems to be a 
fundamental characteristic of Kirklandia. The question might arise as to how 
one can distinguish between originally insert and secondarily insert lobes. This 
is possible only on the basis of other symmetries or asymmetries of the disk, or 
more positively where the central features are preserved, Apparently radial canals 
connect only with originally insert lobes, or those derived by fission of the original 
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Figure 2.—Symmetry of Kirklandia disk suggested by Prineeton University specimen 
No. A794. In this specimen the lobes seem to lie in adradial position to the perradially 
placed mouth as in the Narcomeduse. This is in contrast to the condition shown in figure 
1, which seems to be the eommoner condition of the Cretaceous material. Labels as in figure 1. 
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canaliculate radii. When an insert lobe does not connect with an oral duct it 
seems to be a fair assumption that it is a centripetal migrant. The difficulty of 
course comes from the fragmental nature of the material, and no great store is 
placed on these as the only interpretations to account for increased lobes. 

All of the molds show the lobes to be broadly swollen, but the natural casts 
are inflated in rotund billows. The greatest inflation, aside from the pendant 
sacs, lies in the outer (peripheral) third. On the more perfectly preserved ma- 
terial the arcs of the lobation on the circumference are subequal, whether insert 
or exsert. In others there is a great discrepancy in are from lobe to lobe. This, 
as well as the differential topography, can best be portrayed by photographs. The 
surface of the lobes in some specimens is closely wrinkled concentrically with 
the periphery. Most specimens show undulatory deformation such as one would 
expect of a turgid yet yielding jelly buried in sand. 


Pr 


Ar 


Figure 3.—Detail of the ‘‘manubrial’’ region of Kwklandia. The possible position of 
buceal pouches (Bp), which seem to be faintly suggested by some of the fossils, is indicated 
by dotted cireles. Cc- projecting central cone (probably aboral gastric wall foreed down- 
ward by cone of umbial jeily); A7f rounded swell surrounding the ring-aperture (manubrial 
structure) ; Of-oral furrow (cireular mouth or stomadeum); Ol- perradial angles of the 
manubrium. Other labels as in figure 1. 


In marked contrast to the natural casts, all of the molds (K. texana, s. 5.) pre- 
serve impressions of disks which were lanceolate in axial section at the periphery, 
(text figure 4). One natural cast appears to be bulbously inflated at the margin. 
This condition is possibly exaggerated by erosion. The others are broadly lanceo- 
late. In the molds the margins are often a bit deflexed, 7. e., bent toward the 
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oral side. This may be a shrinkage or preservational phenomenon. The per- 
imeter of the natural casts is smoothly rounded, with no sign of peripheral 
extension, cicatrice or adhesion. This smoothness is, again, quite possibly due 
to erosion. In contrast, the perimeters of nearly all of the disk-molds so pre- 
served as to show this region, seem centrifugally to taper off in rugose wrinkles. 
These intimate that the disks evanescently continued into a thinner layer of sub- 
stance. Wherefore the restoration as given in figure 4. 


Cc 


Figure 4.—Axial section through the restored disk of Kirklandia. Known features are 
shown in solid outline; all others inferred from similarities to the trachyline Hydrozoa. It 
is quite possible that the gastric features were somewhat more inflated in life than here 
shown, judging from three natural casts. The natural molds, much the commoner occurrence 
of the fossil, suggest proportions as here shown. It is problematical how large the umbrella 
may have been, and whether the aboral portion shown in diagonal ruling was in life a thick- 
ly invested gastrie wall or represents the shrunken umbral jelly. Ac- oral concavity (when 
mud-filled often forced aborally through the soft tissues to stand up as an aboral cone pro- 
jecting through the aboral gastric wall; As- aboral (umbral) surface of the disk (supposed 
gastric wall); Dp- extremities of the gastric lobes (often dependant in the molds); G- in- 
ferred internal gonads on the basis of the paired depressions (Pd, fig. 1); Gc inferred gas- 
trie cavity; Gu- implied gelatinous umbrella; Gw- gastric wall or shrunken residue of Gu 
(thickness implied from evidence of rigidity in the molds and casts); Os- oral surface of 
disk; Uc- umbral concavity of aboral surface, Other labels as in figures 1, 2, and 3. 


As we have seen, the total number of peripheral lobes (exsert and insert) is 
difficult to determine due to the fragmental state of the material. Not a single 
mold specimen preserves the complete perimeter, and the casts are somewhat 
worn. Many of the specimens clearly carry more than the “basic” 12 lobes 
(fig. 1) (eight insert, four exsert). Some of the specimens show no exsert lobes, 
but this may be due to imperfect preservation or erosion on the outcrop. How- 
ever, if the hypothesis of lobe increase is correct, one should expect occasionally 
to find an eight-lobed specimen (four insert and four exsert) as is the case. At 
least one specimen appears to have only six lobes and all insert. Odd numbers 
of lobes from 7-13 can be counted, but on these specimens it is very difficult to 
determine which are insert and which exsert lobes, due to their crumpled or oth- 
erwise altered condition. 

The normal insert lobes are pedunculate toward the quadrate (manubrial) 
zone where they narrow almost to coincide with the radial canals. The can- 
ulate or pedunculate portion of lobes in the largest specimens is about 4.5 mm. in 
radial length. 


14 PALZONTOGRAPHICA AMERICANA (III, 18) 182 


The most striking feature of the new medusz is the circlet of ancillary pro- 
tuberances on the insert (or most insert) lobes (Ggp) of the oral surface. As 
seen in the illustrations, these lie on the inner half of the disk; they var) from 
merest mounds to enormous, pillowy, broacly sessile inflations. Most curious 
of all, in many specimens these structures are centrifugally pendant, stalked bags. 
They seem to be evaginate distentions of the radial canals (Ggc). By axial sec- 
tions across several disks, shown in figure 5, the main variations in the profile of 
these sacs are illustrated, In a few specimens the pockets are split, two to an in- 
sert lobe, (Plate 3, figs. 2, 3) but this seems to be an aberrancy. Kandom lobes 
in many of the disks (Plate 3, fig. 2) fail to develop (or at least now to show) 
these sacs or pounches. Maybe they are newly inserted lobes, and had no radial 
canal (at least centrifugal canal) connection, and were therefore sexless. In 
most individuals there is considerable variation in the shane of the pendant sacs, 
—but perhaps no more than one ought to expect considering their original sub- 
stance and geologic vicissitudes. The greatest regularity of shape and size ex- 
ists in the smallest disks. c. g., Plate 1, figure 4. 


ee ener ee 


22979-14a 22979-9a 
| 22S79-6a 22979-1a0 
LQ // 


22979-7a 22979-ia 


ULNY) EY" 


22979- 8a 22973-100 


ino 


22979-5a 22979 -100 


VF GQ 


Figure 5.—Axial profile sections through perradii or interradii of Kirklandia disks to 
illustrate wide topegraphic variation of the oral surface of the disk. Variation within indi- 
viduals and from specimen to specimen. 
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Several specimens (for example, Plate 2, figs. 1, 5) show small ovoid paired 
depressions (Pd) on the oral surface of the pendant sacs. A narrow carina sep- 
arates the depressions. They appear to have been formed by differential shrink- 
age of the wall and may reflect the position of sex organs (G) within the sac. 
Perhaps the carina occupies the position of an internal wall or mesentery between 
the organs, separating the sac internally into two radial compartments, 

A few individuals show minor constrictions of the petallate lobes about half 
the distance between the pendant sacs and the periphery, thus creating tribolate 
sectors, (Plate 1, fig. 3). These constrictions could have been caused by cramp- 
ing of circular muscle strands in the oral wall of the disk during burial’. 

Aboral surface of the disk—Our knowledge of this surface is restricted to 
what we can learn from one excellent mold and the three somewhat weathered 
natural casts. Probably the most inflated natural mold (Plate 1, fig. 5) gives the 
most faithful picture; the others, thus recalling the originals of all of the molds, 
were probably somewhat flattened due to shrinkage and vertical pressure. 
The least altered cast (Plate 1, fig. 4) shows a broadly concave, scal- 
loped aboral disk on which the sulcation of the oral surface is repeated, ex- 
cept that the four primary sulci seem to cross at the center. It is unfortunate 
that none of the present collections establish these central relationships definitive- 
ly. it is of greatest importance to note the continuation and duplication on the 
aboral surface of the oral sulcation plan. Therein may lie one of the most im- 
portant clues to fossil affinities. (See Rhizostomites admirandus in the pale- 
ontologic comparisons, below). Only one out of the four aboral records at 
hand is well enough preserved to suggest the relationships at the center of the 
disk; erosion and the breaking through of oral features obscure this region in 
the other specimens. Better preserved aboral surfaces are our greatest need 
for establishing paleontologic relationships of Kirklandia. 

One natural cast and the sole aboral mold show the broad central umbral con- 
cavity (Uc), in the very center of which rises a cone. The apex of the cone is 
eroded away in the cast, but more completely preserved in the mold. In the lat- 
ter (Plate 2, fig. 1) it shows the eight descending canals (Ggc) of the oral sur- 
face, proving that they are terete tubules, as might be supposed. At the apex 
of the cone is a truncated quadrate area, obviously broken across. This state 
seems beyond doubt to have been caused by an aboral rupture of the disk sur- 
face opposite the mouth by the mud-filled central concavity (4c) of the oral 
disk. Such an accident might easily arise during compaction and settling of a 
medusa. The cast (Plate 5, fig. 1) seems to reflect the same condition, but pro- 
bably wasn’t actually ruptured. 

In the aboral mold the surface is more rugosely wrinkled (SL) than in the oral 
ones. This suggests longer exposure to the air. Differential shrinkage may thus 
account for the manubrial rupture. The periphery of the mold as in the oral 
disks, seems to continue into a thinner, more tenuous zone of greatly shrunken 
tissue. 


3 A somewhat analogous state is described by Kieslinger (1939) for radial features 
of meduse in the Solnhofen Jurassic of Bavaria. 
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Peripheral zone and accessory jeatures—Fragments of a thin sheet of tissue 
(Pf) lying outside the disk are preserved on several molds. This is concentrically 
rugose (Cm) in the same manner as, but to a greater degree than, the surfaces of 
the disks and seems to be a continuation of them, (e.g., Plate 4, fig. 5; Plate 2, 
fig. 5). None of the specimens preserve this zone entirely around a disk or to 
the original outer periphery. Thus the over-all size of the organisms and the 
nature of their perimeter are unknown, 

Most curious of the accessory structures are molds of nodose much wrinkled 
sheets or columns of soft substance, (see Plate 4, figs. 1-4). Although these 
structures occasionally lie upon the lobate imprints, it cannot be definitely es- 
tablished that they were in life connected with them. The natural implication 
is that they were. As shown by Plate 4, figures 2, 3, the surface of these mass- 
es is closely covered by regularly ovate papille, arranged in an irregular man- 
ner. In one specimen the masses are distributed in an are of about the same 
radius as the usual disks (Plate 4, fig. 3) and in another slab (Plate 4, fig. 4) 
the masses seem to be in the form of eight or nine rather thick short arms dis- 
tributed in an ovate plan and embedded nearly vertical to the bedding planes. On 
these “arms” the nodes seem to cover all surfaces. This distribution suggests 
that they were peripheral structures of the living organisms, possibly urticating 
tentacles around the margin of a medusa bell. Some of the tiny nodes suggest 
a concave, cuplike surface. 

Two specimens, one of which is illustrated on Plate 1, figure 6, show either 
arms or worm burrows emanating from the central area of the mold. In one 
the burrowlike structure enters the rock and its termination is unknown. In 
the illustrated specimen, the two “burrows” terminate in large fusiform expan- 
sions, unlike anything seen on any of the worm spoor interlacing the matrix of 
most slabs. Since they appear to come out of the substance of the oral surface, 
I am prone to consider them as burrows of scavengers which burrowed down 
through the buried organism and into the matrix below, perhaps to rest con- 
tractedly in the swellings now shown at the end of the mines. 

A great many accessory markings occur around, upon, and through the 
molds, but can most readily be identified as varicus spoor of crawling things, 
probably “worms” in the main. They seem to have been made both in air, be- 
fore burial of the organisms, and by mining and ingesting the matrix material 
after burial. Some of these are shown on Plate 4, figure 6. 

Natural casts of Kirklandia—The three natural casts discovered by Mr. 
Watkins were the most important new addition to knowledge of Kirklandia 
beyond the data contained in the original suite of specimens. The casts were 
picked up as loose cobbles and show signs of erosion, They are calcareous 
clay fillings of natural molds, apparently. As we see them now they are 
stained limonitic yellow from the weathering of lacings of pyrite. One of the 
nodules (Plate 5, fig. 3) is much more rotund and inflated than any of the pre- 
viously discovered material, whereas the other two casts compare favorably 
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with the mold material. One specimen, Plate 5, figure 2, seems to preserve in 
pyrite a circular collar about the slightly elevated apertural knob (Cc). The 
oral surfaces are much more crushed than in any of the molds and are fur- 
ther altered through erosion. Some of the pyrite strands seem to follow the 
courses of burrows such as characterize the molds. Both exteriorly and in- 
ternally (Plate 5, fig. 5) the casts recall Walcott’s (1896, 1898) famous ‘“‘cob- 
ble stones” (Laotira and Brooksella) of the Cambrian Conasauga shale (Coosa 
formation, auwct.). However, as ior the Cretaceous specimens, I see nothing in 
the internal mottling to suggest a replacement of the original substance of the 
organism. Concentric and differential chemical weathering will adequately 
explain such color features. 

Occurrence—tThe molds are known only from the type locality, two miles 
west of Roanoke, Denton County, Texas. The horizon lies in the Pawpaw 
formation (Adkins, 1918) of the upper Washita division of the Lower Creta- 
ceous (Comanchian). The three natural casts! came from “an old brick-pit 
at Gainesville, Texas” (W. T. Watkins, letter, June, 1944). The Gainesville 
site lies in the Washita group, but there is some doubt as to the precise horizon. 
Neither of the sites is discussed in Winton’s (1925) report on the Geology of 
Denton County. Adkins (1918) considered the Gainesville clay pit as upper 
Washita (Denton) in age, whereas Bybee and Bullard (1927) in their “Geol- 
ogy of Cooke County” describe the site as Weno. There is such a close facieo- 
logic similarity between the three Washita members that detailed regional stud- 
ies are necessary finally to solve the problem. Mr. Watkins (letter, Septem- 
ber, 1944) revisited the Gainesville pit to secure more Kirklandia casts and de- 
termine the age, if possible. He reports “I’ve made two trips into this hole, 
without scouting the adjacent country. On my recent trip I collected fossils 
from the heavy ledges at the top, but failed to find the fossil, Kingena wacoensis 
(Roemer) that marks the Main Street Limestones immediately above the Paw- 
paw, nor (did I find) the Turrilites that marks the Weno clay in this region. 
But I still don’t think it is Denton.” Possibly the occurrence of Kirklandia 
may prove of value in determining the age of the Gainesville clay. 

Environment.—The molds are known only from sandstone talus, or loose 
rubble along the Pawpaw outcrop. From the appearance of the slabs, the molds 
are restricted to a narrow, cross-bedded sandy zone in the midst of shaly or 
tough clay beds. The sandstone is a grayish to limonitic brown micaceous rock. 
Considerable pyrite seems to characterize the unweathered rock, but the princi- 
pal cement is calcium carbonate. Adkins (1918, p. 26) described the Weno and 


Pawpaw formations as follows: 

The Weno and Pawpaw formations are marked by striking lithologic changes which pro- 
duce along their outerops localized lithological regions each with a characteristic fauna. The 
Pawpaw formation, and to a less extent the Weno, passes from north to south along its out- 
crop through a ‘‘typical’’ series of lithological facies—sand-clay-marl-limestone, which aside 
from various complicating factors of deposition is usually taken to represent a progressive 
series of marine facies from near-shore to off-shore conditions. Likewise the problem of local- 
ized faunas is vividly impressed upon one by the situation of the Pawpaw clay (as also in 


4 While this paper was in press, several additional natural casts from the same brick 
pit were secured (October, 1944) by Mr. Watkins, thus indicating prospects for future dis- 
goveries in this site. 
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the Weno), where within a few miles one fauna largely disappears and an equally rich and 
varied, but different one occupies its stratigraphic position .. . 


The Denton County area was cited by Adkins (1918, p. 27) as characterized 
by the “clay with sandy layers’ aspect of the Pawpaw. This facies he thought 
to represent the bathyal facies of marine deposition—unless he intended his 
“bathyal” notation to refer only to the “marl with sandy layers’ category in 
his list. Everything about the specimens at hand suggests alignment with the 
neritic zone, and probably an inter-co-tidal setting. 

The under surfaces of the imprint layer carry casts of ‘‘fucoids” of the worm 
burrow and swash-mark sort, and seemingly indicate a clay or shale ma- 
terial (none of which has been seen by the writer). The sandy layer itself is 
richly tunnelled and the bedding planes grooved by vermiform burrows and 
trails. The molds seem to indicate quick burial and subsequent visitation by 
scavenging invertebrates. The crusted and shrivelled surface of the molds, es- 
pecially of the side uppermost in the bed, resembles the surfaces of stranded 
’ along the New England 
coast in midsummer (see also Walcott, 1898; Kieslinger, 1939A). The disks 
are most commonly preserved with the inferior (oral) side up, perhaps due to 
the buoyancy oi the various pouches. The environment in Denton County 
both looks and reads very much like Walcott’s (1898) description of the Cono- 
sauga (Coosa) shale setting of his Cambrian Problematica, Laotira and Brook- 
sella. 

Several specimens of the gigantic foraminifer, Nodosaria texana, have been 


jellyfish on the seacoast. I have seen such ‘““mummies’ 


noted on the mold slabs. Two specimens are illustrated on Plate 3, figure 1; 
Plate 2, figures 7, 8. According to the various students of the Texas Creta- 
ceous, these are especially common constituents of the Weno and Pawpaw for- 
mations. Their sporadic presence has very little ecologic significance. 

The only other life evidence in my hands, in association with the specimens of 
Kirklandia, aside from the vermiform spoor (Plate 4, fig. 6), is what appears 
to be a single footprint (Plate 5, fig. 6) of a horseshoe crab (Xiphosura). It 
resembles the impression of a limulid endognath (simple chelate foot) of the 
sort known since Devonian times. Comparable material, both fossil and Re- 
cent, is shown in various papers by the writer (see Caster, 1944, for the bibli- 
ography). This type of imprint can be made readily on wet muddy sand in 
air (Caster, 1938). 

Types.—Holotype: United States National Museum, No. 136131 (A); par- 
atypes: Idem, Nos. 136131 (B, C); University of Cincinnati Museum, Nos. 
22979 (I, 2, 4); Princeton University Museum, Nos. A-793, 794; 10 unnum- 
bered specimens from the original collection of Forrest Kirkland, on deposit 
at the University of Cincinnati Museum; 2 specimens from the F. V. Studer 
collection, Pan-Handle Plains Museum, West Texas State Teachers College; 
3 specimens from the collection of the Bureau of Economic Geology, Universi- 
ty of Texas; 2 molds from the collection of Mr. Wm. T. Watkins, San Anton- 
io, Texas; 2 molds from the collection of Mr. Thos. D. Copeland, Dallas, Tex- 
as; 3 natural casts from the collection of Mr. Wm. T. Watkins, presumably 
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the same species. Elastotypes (latex casts) of all topotype material®: Univer- 
sity of Cincinnati Museum, Nos. 22979 (1a-). 


DISCUSSION 


Both Recent and fossil materials appear to offer valid comparisons with 
Kirklandia. In seeking an answer to the question: What kind of an organism 
was Kirklandia?—the Recent materials offer best evidence. Without excep- 
tion, the fossil company belongs to the limbo of Problematica, the biological 
affinities of which are always under shadow of doubt. Hf, however, we can es- 
tablish through neontologic comparisons the systematic nature of Kuirklandia, 
it may through inference redeem certain of the problematical fossils. 

Neontologic comparisons ——Algz, sponges, ccelenterates, and echinoderms 
produce fossils or Recent lobate bodies or structures which must be consid- 
ered when confronted with new and aberrant fossils of the Kirklandia sort. Any 
of them could have produced the soft and yielding bodies. However, the oc- 
casionally four-part radially symmetrical disk, together with the evidence 
(albeit scanty) of a wide and thin peripheral field which was concentrically 
rugose, and the central quadrate or polygonal zone so analogous to a stomad- 
eum and manubrium, plus radial canal-like structures emanating therefrom, 
seem by a compounding of evidence convincingly to bespeak the ccelenterates. 
Differentiation into an umbrellar and subumbrella surface, tough, yet yield- 
ing jelly and, curiously, the enormous potential for variability, likewise best fit 
the coelenterate and medusa pattern. 

Of considerable importance in this primary connexion is the similarity be- 
tween the Cretaceous fossils and the imprints made to-day by stranded jellyfish- 
es, (Caster, 1942, p. 107, f.n.). When washed shore and left stranded at low- 
tide in midsummer Aurelia and other meduse quickly dry on the surface and 
become crisply crusted above. Shrinkage tends to “cramp” (Kieslinger, 1939) 
the subsurface features, 7. e., dehydration of the aqueous jelly brings out in 
surface relief embedded structures, which in life would hardly be discernible, 
except by transparency, on the exterior. While the upper surface is hardened, 
thus inhibiting dehydration, the surface in contact with the beach remains soft 
and often turgid as in life. Depending on the texture of the strand, the imprint 
made by the under surface may be faithful or indistinct. The incoming tide 
often picks up the partially embedded jellies and carries them further ashore, 
and occasionally turns them over to embed them again at turn of tide with the 
erstwhile downside up. In the case of the Cretaceous fossils we deal exclu- 
sively with buried medusze, many of which were apparently interred oral side 
up. 

Walcott (1898) and Kieslinger (1939A) have very fully considered the possi- 
bilities of burying organisms, so highly comprised of water, with any ex- 
pectation of their remaining intact long enough for the surrounding matrix to 

5 Plaster replicas of the original molds can be furnished from these latex casts. 
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harden or the gelatinous substance to be replaced by chemicals in solution. 
However, only the former condition, simple burial and matrix solidification, 
seems to pertain to the present material ;—as a matter of fact, the evidence for 
histometabasic exchange of minerals for mesoglea is very unconvincing in 
Walcott’s Cambrian “cobbles”. The calcium carbonate cement of the Pawpaw 
sandstone suggests rapid hardening of the matrix material, compatible with the 
nature of the organisms to be preserved. This does not require extraordinary 
rapidity of solidification, however, for firm jellies can be dug out of the tidal 
sands today, buried to some inches depth and apparently for much longer time 
than the tidal periodicity. Everything points to exceptionally tough and firm 
jelly in the Cretaceous fossils, thus lending greater verisimilitude to the argu- 
ment. 

It is significant that the best preserved molds of Kirklandia show a four-part 
radial symmetry. How much deviation there may be from this plan the small 
number of specimens and their fragmental and distorted nature makes it diffi- 
cult to ascertain. No perfect individuals are known. It does seem, however, 
that a considerable variation from the basic, and perhaps archetypical, four- 
part plan occurs. Whether this exceeds the deviation in modern jellyfish, 
where as high as 20% (Kieslinger, 1939) are atypical, is yet to be discovered, 
Six-part symmetry is common among modern medusz, and odd-number symme- 
tries frequently result from incomplete fission or vagarious nonfission of radial 
elements. The mere existence of odd-numbered radial symmetry in fossils 
must not rule out the Ccelenterata in considering assignment of Problematica 
(for contrary opinion, see Ruedemann, 1934, pp. 28, 29 in his evaluation of Dacty- 
loidites). The important consideration is the existence occasionally at least of 
the basic four-part scheme so inherently cnidarian. 

But why battle windmills? Prebably nebody will seriously doubt the medusa 
interpretation of Kirklandia. The real question becomes: What sort of medusa 
was it? Acaleph plans are manifold. Put their distinguishing features are of 
an embryological or histclogical sort which usually do not lend themselves to 
fossilization. The paleontclogist barely hopes ever to find in the rocks a velum 
or velarium, distinguish the absence or presence of gastric filaments, or differ- 
entiate ectodermal vs. endodermal gonads, let alone see details of the highly sig- 
nificant marginal bodies of the umbrella, or define the character of the tentacu- 
locysts, if present. This dees not mean that the quest is hopeless. But it does 
mean that for paleontological purposes other characteristics than those elected by 
neontologists for their systematics must be sought, or certain characters reévalu- 
ated. Furthermore we must constantly remind ourselves that systematics are 
human fabrications, and that to most of man’s rules nature offers exceptions. 

When confronted with the choice of hydromedusze versus scyphomedusze, we 
center on the most obvious trait applicable to our materials: position of gonads. 
On the assumption that the pendulous sacs (Ggp) of Kirklandia are sexual, there 
seems to be no alternative to considering them internal expansions of the radial 
canals and therefore with access to the exterior via the stomach (or cesophagus) 
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and the stomadeum. This is a basic scyphozoan feature® (e. g., Parker and Has- 
well, 1940; Hyman, 1940) in distinction from the hydromeduse which usually 
emit the sex products directly to the exterior. Further study brings out the fact, 
however, that scyphozooid internal sex ducts occur in certain hydromeduse. 
Moreover, eight gonadic sacs (instead of four), everted (instead of inverted) 
and radially disposed upon (instead of between) the canals, and lying upon a 
similarly pouched stomach which is ied by a simple, armless mouth, belong in the 
Hydrozoa. The family Ptychogastriide of the Trachylina has a most similar 
arrangement. it is characterized by eight gonad pouches which connect by a 
broad fissure with the lumen of the radial canals, thus discharging the sex pro- 
ducts into the gastric chamber or cesophagus in a scyphozoan manner (Haeckel, 
iitetehe fo wae 

Most Hydrozoa are tiny, soit-bodied medusz, and their chances of fossiliza- 
tion are almost nil. From this generalization has come the current tendency 
among paleontologists, such as Haentzschel (1937) and Wieslinger (1939A), to 
rule out the Hydrozoa from consideration when confronted with medusoid Prob- 
lematica, Even the oldest known medusoids are being currently identified as 
members of the most specialized branches of the Scyphozoa. This tendency will 
be further considered under the head of paleontologic comparisons, below, but in 
the present connexion it is significant that certain of the Trachylina are in 
every physical sense as available for fossilization as any Scyphozoa—and possi- 
bly more so! There is the added philosophical advantage that the hypogenic 
Trachylina embrace some of the most archaic living meduse. As Parker and 
Haswell, (1940, p. 147) and other zoologists point out, the Narcomeduse (a di- 
vision of the Trachylina) have an especially tough and resistant (fibrous) 
jelly in contrast to other hydromeduse. Several of the living Trachymedusz 
grow to a diameter of four inches (100 mm.). The modern marine environ- 
mental range of the order is from the surface to very great depths, polar to tropic 
seas, and shoal to extreme depths of benthonic water. In fact, the one fresh- 
water medusa (Craspedacusta) of fame belongs to the Trachylina. All of these 
factors of the Trachylina morphology and environment should make them among 
the more likely medusid subjects for fossilization. Consequently the current pa- 
leontological prejudice against all hydromeduse seems poorly justified. 

Now let us turn to more particular comparisons, in the same sequence of de- 
tails as was used in the species analysis. The single central quadrate or poly- 
gonal orifice, if stomadeum it be, is a not too common feature of mature medusee, 
especially in the Scyphozoa. Simple, cruciform or “iron-cross’-shape mouths 
are frequently developed among the trachyline hydromeduse and occasionally in 
the Semzostomee (Discomeduse). In a few immature rhizostomes an open, 
cross-shape mouth exists during the growth of the polystomatous arms (bio- 
genetic rehearsal). A simple circular or quadrate mouth is a medusid rarity; 
especially so is a nonpedunculate mouth and one without manubrial folds. Thus 

6 This trait, together with paleontologie similarities, and the influence of the trend in 
modern paleontology to cancel hydromedusan possibilities of fossilization, led the writer oral- 


ly to present a preliminary study of the Cretaceous fossils (Denison University meeting of the 
Ohio Academy of Science, 1942) as rhizostome Seyphozoa. 
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we see the condition of our fossils is not commonplace, and when we find an 
analogous condition in modern forms it may have considerable significance. The 
most telling single species sharing attributes with Kirklandia is Ptychogastria 
antarctica (see Pectis Haeckel, 1883, pls. 5, 6, p. 14). The more salient compar- 


Figure 6—Morphologie details of Ptychogastria aniavetica (Haeckel) from the Antare- 
tic portion of the Indian Ocean. This modern representative of the family Ptychogastriide 
of the Trachymeduse (Trachylina) most closely of all existing meduse resembles Kirklandia 
texana of the Texas Lower Cretaceous. Diameter of the Recent medusa, 66 mm. A. Celum- 
brella view of the disk. B. Perradial section through the medusa. C. External view of the 
esophagus. D. Perradial longitudinal section through the esophagus. E. Fragment of the 
margin of the umbrella seen from the outside. Bp- buccal or esophageal pouches (possibly 
present in Kirklandia); Cc- central cone formed by oral projection of the gelatinous um- 
brella against the aboral gastric wall (present in the fossil) ; Cp- centripetal canals from the 
ring-canal (unknown in the fossil) ; Hu- exumbrellar surface with circular muscle bands (per- 
haps peripheral zone of fossil); G- gonadie pouches (analogeus to fossil); Gge- (fig. A) de- 
scending canals, 7. e., radial or gastr' il); Gu- gelatinous um- 
brella (inferred in fossil); Gp- 8); Ggg- (fig. B) meso- 
gonia or genital mesenteries (poor if presen urium (same as fossil) ; 
O- mouth (idem); Of- adradial oral tunnels (unknown in fossils); Ol- or manubrial lobes 
(about same degree of development as feesil); fd- simple tentacies (unknown in fossil) ; Zs- 
sucking cups (inferred in fossil): Vm- velum (probably not preserved in fossil). “ From 
Haeckel (1883), Challenger Expedition Report on Deep Sea Meduse. 


able traits of this species are redrawn from Haeckel (1883) on text figure 6. 
Unlike most Trachylina having a quadrate mouth, Ptychogastria antarctica has 
no (or virtually no) cesophageal proboscis, In this respect, Ptychogastria, and 
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probably also Kirklandia, is more like certain of the Narcomeduse. The ab- 
sence of perradial manubrial (oral) folds (arms) is especially trachylinoid. 

Under the head of reévaluated morphologic traits comes the tiny cone (Cc) 
emergent from the orifice of Kirklandia. It is perfectly duplicated in P. antarc- 
tica and so far as known is therein unique among living medusz. As a curiosity 
it has almost escaped mention in medusology. The cone is formed by the gela- 
tinous umbrella projecting into the center of the stomach and cesophagus so as 
to cause the aboral gastric wall conically to emerge from the mouth when the 
manubrium is retracted. The mouth and cesophagus thus resemble an in- 
verted funnel. No doubt in life the cone acted as an equalizing distributor of 
food drawn by suction into the gastric pouches and radial canals. The fossils 
show no evidence of the adradial funnels (buccal mesenteries) (Cf) of the Re- 
cent form. 

As was indicated in the description, no brief is held for the shadowy struc- 
tures labelled Bp (buccal pouches) in text figure 6. There is this to be 
said for them that they were noted before such structures were known by the 
writer to exist among the medusez. It is also some comfort to find that the very 
family otherwise most favored by these comparisons also possesses burse@ buc- 
cales. Such evaginate structures are, however, of sporadic occurrence in both 
branches of the medusz, and occur most frequently in the Scyphozoa. In the 
Trachymeduse the pouches seem to be a specific character and eight buccal 
pouches are perhaps commoner than 16. Whether or not these structures 
“prove up” in Kirklandia, they in no way materially influence the current hypoth- 
esis. 

The “tubular” canals (Ggc) of the fossils are the same in position and relation 
to mouth and manubrium as the descending canals (Ggc) of the Trachymedusz 
(Ptychogastria, text figure 5). Again we are confronted with a character un- 
common among the acalephs. In the Scyphozoa the radial canals are so deep- 
ly invested in jelly and so flabby and flattened as hardly to invite fossilization, 
even by “cramping”. 

Likewise in Ptychogastria and allies the radial canals expand at some distance 
from the manubrium into swollen stomach pouches, often quite irregular (figure 
5), upon which out-pouched genital sacs are produced in the same manner as 
in Kirklandia. Gastric sacs are no rarity among both medusa lines. Ancillary 
genital pouches are another matter and are apparently confined to the ptycho- 
gastriid trachylines. 

The paired depression (Pd) which many of the fossil genital sacs carry are 
suggestive of the gonads which lie within modern genital expansions. In the 
Ptychogastriide stout mesogonia or genital mesenteries (Mg) externally anchor 
the genital sacs to the ccelumbrellar surface and internally separate the gonads 
within the genital pouch. No evidence of external mesogonia is known in Kirk- 
landia, but the narrow carina between the two depressions may reflect its posi- 
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tion inside the genital sac. At any rate, the gonads in the fossil presumably num- 
ber 16, thus paralleling the Recent species. Possibly this condition was sometimes 
carried to the unusual extreme of creating a separate pouch for each gonad, thus 
explaining the state seen in Plate 3, figure 2, where there appaers to be a pair of 
pendant sacs on each insert petal. 

In plan, therefore, the fossil and the genus Ptychogastria are quite similar. 
In details, other than those mentioned, there are notable differences. First, the 
gastric disk of the Recent genus (and family) is not toughly and thickly invest- 
ed with jelly as the fossil must have been. Second, the areas between the gastric 
pouches are broad, and in no sense sulci as they appear in the fossils. Third, 
the gastric and genital pouches in the Recent form are quite irregular and may 
even be multicamerate or labyrinthine which is in marked contrast to the sim- 
plicity of the fossils. Fourth, lobation, and (fifth), in fact a true disk are un- 
known in the Recent forms. Herein lie the chief bases for a distinct family and 
possibly even a distinct order within the Trachylina for Kirklandia. There are 
certain features of Kirklandia which recall the Narcomeduse as well as the 
Trachymeduse. 

The longitudinal sections across the gastric lobes (text figure 5) seem to in- 
dicate that Kirklandia had a moderate to large gastric cavity (depending of 
course on the unknown thickness of the tough investing jelly). In inferred shape 
it is apparently similar to some of the Narcomeduse. The aboral concavity of 
the central disk, shown so well in the natural casts, is likewise suggestive. (See 
for example, Polycolpa, Parker and Haswell, 1940, p. 148, fig. 117). In other 
respects, such as the coronal tentacles, Kirklandia fails notably to parallel the 
narcomedusids, unless by chance the basic four exsert lobes might by some far 
chance represent the anchorage of the roots of the tentacles upon the disk. Why 
such anchorage should be reflected on the oral surface, as the insert lobes are, 
would be a real difficulty. Much more probable is the chance that the nar- 
comedusids have some bearing through areas lying outside the main disk (e. g., 
one such structure may appear at the top of Plate 2, fig. 5) so poorly known as 
to escape description previously, but possibly analogous, if not homologous, to 
the four so-called genital plates of jurassic Rhizostomvites, considered later. Here 
again, for Kirklandia at least, such external areas are too poorly known to make 
their mention more than intuitive. 

The meaning of the exsert lobes, so long as structures in any sense compara- 
ble have never been described for Recent medusz, is yet to seek. They may be 
swollen centripetal canals leading inwardly from an unknown circular canal. They 
may be mere thickenings of the disk wall between the gastric pouches, or they 
may have internal radial connection with the cesophagus, but are in that case 
anomalously deficient in gonads. But all of these are sheerest guesses. The 
exsert lobes must rate as a primary trait of the new family. 

The supplementary structures, shown on Plate 4, figures 1-4, carry tiny clus- 
ters of nodules much resembling urticating nodes of meduse. Associated with 
them seem to be other nodes having a concave outer surface. Together the pic- 
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ture seems most to resemble the umbrella margin of certain of the Trachyme- 
dusze. Comparable structures are sketched in text figure 6, E. Perhaps the 
most significant feature of these cnidarioid structures is the circlet of 8-9 columns 
shown on Plate 4, figure 4. Hf these pertain to our specimens, as they probably 
do, they may represent peripheral expansions of the characteristic marginal lo- 
bation of the Trachymedusz. It is not unreasonable that the suggestions of net- 
tle clusters such as occur on the margin of Ptychogastria (fig. 6) were expanded 
into pendant stinging tentacles in certain related forms. Deep invaginations of 
the umbrella characterize many, if not most, Trachylina. Until we can estab- 
lish the attachment of these nodose structures to our disks, however, the con- 
servative course, shown by the restoration on text figure 4, is the safer one. 

We should also in passing consider the possibility that these columns are 
rhizostomatous mouth-arms, and that the European students of Jurassic (Soln- 
hofen) medusz (Rhizostomites) have been right in assuming, utterly without evi- 
dence, that peripheral polystomatous arms were somehow attached at the mar- 
gin of lobate disks somewhat analogous (if not homologous) to ours. The pres- 
ent structures seem to be too short, much too firm, too little varied, and too 
lacking in ramifications, not to mention multiple mouths, very conveniently or 
convincingly to fit the diaphanous rhizostome pattern. Moreover Nirklandia’s 
functional central mouth with evidence of a manubrium, etc., would seemingly 
offer strong opposition to the idea that it represents so advanced a rhizostome 
condition as marginal arms would imply. For such well-developed arms we 
would expect firm attachments on the disk margin. Their complete absence sug- 
gests that the nodose structures pertained instead to the peripheral field-margin, 
the perimeter of which has not thus far been seen. 

To be sure, the mere absence of arm scars shouldn’t deter us as paleontolo- 
gists from making Kirklandia a rhizostomatous Scyphozoan if we choose. Rhizos- 
tomites has never yielded arms or scars of arms either. Moreover, the precise 
pattern of sulcation seen on the aboral surface of the Kirklandia disk has often 
been offered as incontestible evidence of the rhizostome alliance. In order thus 
to translate our material we would have to interpret (as is customary among 
rhizostome students) the sulcations as the healed furrows made by the growing 
together of the extended corners of the cruciform scyphozoan mouth. At the 
end of each furrow there should be found (but never is found in the fossils) an 
arm scar or fragment. Thus the aboral disks of Kirklandia are similar to the 
supposed oral disks of Rhizostomites (see Plate 5, fig. 4). The trouble lies in 
our knowing too much about Kirklandia: the oral surface with a central, func- 
tional, and unique mouth is preserved. European colleagues might do well to 
institute a search for impressions similar to our oral surface in their great store 
of Rhizostomites material, (and, as we will see, below. such material has in all 
probability already been described but not correlated with the famous medusa). 

Tf the sulcations of Kirklandia were not developed on both surfaces of the 
disks, and if they were irregular instead of clean-cut, and if no central mouth 
with a manubrium about it were present, then the rhizostome argument might 
prevail. Put these conditions have never been met in full by any fossils. 
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The planate and concentrically rugose zone lying outside the Kirklandia 
disks is similar to the impression made by the cramped ring-muscles of a medusa 
subumbrella. This is the likely explanation especially when the peripheral zone 
is adnate to the rim of the disk. In other specimens where the zone is free, there 
is no proving that it is not part of a velum, since well-developed pendant vela 
are present in the Trachymeduse. 

In summary then, we find that a survey of existing jellyfish shows greatest 


resemblances to our fossils to lie in the radicle of the ptychogastriid Trachy- 


meduse. Similarities in plan are close enough to offer strong inference of sub- 
class (Trachylina) alliance. Differences in detail make assignment to order 
(Trachymedusz vs. Narcomeduse) less certain. There seems here to be rather 
a possibility of mixed attributes plus certain new traits, such as the heavily in- 
vested, lobate disk, requiring for the fossils a separate order. Assuredly, there 
is every justification in view of these differences in proposing the new family 
Kirklandiide as we have done. Certain of the fossil Problematica discussed 
under the next heading may be assignable to the new family, or at least to the new 
order when it is proposed. 

Paleontologic comparisons—Many medusoid fossils have been described, but 
it is doubtful if a single one has been definitively identified as to systematic 
position. These constitute our Problematica par excellence. We must not hope 
therefore for light from this quarter upon the biologic alignment of Kirklandia. 
Instead, the exceptional details preserved on the new fossil may help in a better 
understanding of somewhat analogous Problematica,—all of which have been in- 
terpreted quite differently from the present fossils. We are very fortunate in hav- 
ing two modern papers by Dr. Alois Nieslinger in which knowledge of the fossil 
medusoids is systematized. From his excellent Scyphozoa chapter in Schinde- 
wolf’s (1930) “Handbuch der Palaontologie” and the bibliographic references in 
his previous (1924) ““Medusz Fossiles” in ‘“‘Fossilium Catalogus” the following 
Problematica have been selected for similarities of one sort or another to Kirk- 
lancia. All of these medusoids are lobate, and all appear to be ccelenterates. 

Brooksella alternata Walcott, 1896. Cambrian, Conosauga (Coosa) shale, 


Alabama. 
Brooksella confusa Vialcott, 1896. Idem. 
Laotira cambria Walcott,1896. /dem. 
Dactyloidites asteroides (Fitch, 1850), Hall, 1886. Lower Cambrian, Ver- 
mont. 
*Medusina costata (Torell, 1870), Nathorst, 1881. Lower Cambrian, Sweden 
and Estland. 
(Medusites lindstromi (Linnarsson, 1871). [dem.) . 
(Medusina princeps (TYorell, 1870). Idem.) 
(Medusina radiata (Linnarsson, 1871). /dem.) 
*Pal@osema@ostoma geryonides (von Huene, 1901), Riger-Haas, 1925. Mid- 
dle Jurassic, Germany. 


195 ‘TEXAS CRETACEOUS JELLYFISH: CASTER 27 


**Problematische Form” Ulrich, 1893. Devonian, Icla shale, Boliva. 

*Medusina liasica Riger-Haas, 1925. Middle Jurassic (Lias G), Wurttem- 

burg, Germany. 

*Medusina (Craspedonites) deperdita (Beyrich, 1849), Haeckel, 1886. Upper 

jurassic, Solnhofen shale, Bavaria. 
*Acraspedites antiquus (Haeckel, 1866). Idem. 
*Medusina bicinctus (Haeckel, 1869). Idem. 
*Actinophyllum plicatum Phillips and Salter, (Straw, 1926). Gothlandian, 
England. 

*Peytoia nathorsti Walcott, 1911. Middle Cambrian, Burgess shale, British 
Columbia. 

Lorenzinia (Basse@inia) moree (Renz, 1925) “Kieslinger, 1939. Upper 
Cretaceous, Greece. 

Lorenginia (Atollites) zitteli (Maas, 1902), Kieslinger, 1939. Upper Cretac- 
eous, Moravia. 

Rhizostomites admirandus Haeckel, 1866. Upper Jurassic, Solnhofen shale, 
Bavaria. 

(Rhizostomites lithographicus Haeckel, 1886). Idem. 

(Hexarhizites insignis Haeckel, 1870). Idem. 

(?Ephyropsites jurassicus Ammon, 1906). Idem. 

(?Myogramma speciosissimum Maas, 1902). Idem. 

(?Myogramma speciosum Maas, 1902). Idem. 

Those forms preceded by an asterisk (*) are in Kieslinger’s (1939A) list of 
Incerte Sedis of probable scyphozoan (if medusan) affinity. All other forms 
have been variously assigned within the Scyphozoa by Kieslinger and his prede- 
cessors. The species listed in parentheses are referred by Kieslinger under syn- 
onymy of the first species listed above without parentheses. We will consider 
these species in the order of listing. 

As I indicated in the preface, similarities to Walcott’s (1896, 1898) Cambrian 
“cobbles” first attracted me to the Cretaceous imprints. In reality, I was im- 
pressed by the similarity between a symmetrical lobate impression of the Upper 
Cambrian of Wyoming, which I (Caster, 1942) inferred to be referable to Wal- 
cott’s Alabama “genera” and the Cretaceous imprints. As the photographs 
show, the natural casts are especially reminiscent of Brooksella and Laotira. Any 
comparisons are based on the assumption that Walcott’s specimens are natural 
casts (or perhaps as he thought replacements) of the organisms, and not concre- 
tionary caricatures, as so many of his grotesque specimens suggest. The range of 
morphologic variation in the Cambrian material far surpasses the Cretaceous, and 
is perhaps somewhat concealed by Walcott’s two arbitrary form genera where 
apparently only cne such genus or a welter of “genera’’ would suffice. As for 
Walcett’s hypothetical interior structures, they are far from established; likewise 
his whole argument on molecular replacement of mesogloea. Nothing which Wal- 
cott shows by way of substantiation but what could apparently have been caused 
by concentric and differential chemical weathering of an occasional nodule. There 
is no gainsaying, however, the remarkable similarities that exist between some of 
Walcott’s transverse sections and the Vermont Dactyloidites asteroides. 
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Brooksella embraces the less variable Coosa material and, therefore, the forms 
most like AKirklanaia. The most symmetrical specimens are swollen disks pro- 
portionally quite like the Cretaceous natural casts. Radial sulci divide both sur- 
faces of the disks into swollen pouches, with deep, melonlike peripheral grooves. 
Some of the Cambrian specimens are very simply lobed (e. g., Walcott, 1808, pl. 
I, figs. 1, 2), Others, such as his plate 1, figures 3, 3a, show supplementary, in- 
complete lobes in the main sectors radiating from the central zone toward the 
periphery. These Walcott calls canals or arm lobes. They occur on either or 
both surfaces of Walcott’s specimens. Several of Walcott’s specimens {for ex- 
ample, pl. 1, figs. 1, 2, 3) show a deep central concavity. This he thinks is a 
relic mouth structure. In many of Walcott’s specimens deep dimples are in- 
vaginated in the ends of the lobes, thus fortifying his idea that they were originally 
radial canals or arm canals. Unfortunately we know these structures only from 
drawings. Walcott worked with such a plethora of material (over 9000 speci- 
mens), and all of it so extraordinarily variable, that almost any preconceived 
pattern of variation ought to have turned up. Some of his supposed tube open- 
ings lie in such a position that they recall the Pd, perhaps gonadal, structures of 
Kirklandia. 

Although I am inclined to the belief that \Walcott’s material is ccelenterate, and 
medusid, I cannot see in it any verification of his rhizostome hypothesis, and I 
think Kieslinger (1939A) is on pretty thin ground even to impute to them the 
possibility of being exceedingly primitive rhizostomes, On the other hand, I am 
not sure they belong to any existing group of acalephs. Any similarities to Kirk- 
landia, and there are several striking specimen similarities, | am inclined to call 
fortuitous. However, I see no insuperable reason why such a form as Kirklandia 
might not readily have “crystallized” out of the mutative Cambrian “cobbles”. 
“Order out of chaos” does seem to apply in certain groups of organisms, and to 
none better than the still highly variable jellyfish, both craspedote and acraspe- 
dote. Perhaps a separate class of meduse, which we might call the Protome- 
dusz (first), would best accommodate Walcott’s protean horde. 

Dactyloidites asteroides (Fitch, 1850) is probably of the same fabric as Wal- 
cott’s forms, and would seem to have the same bearing (if any) as they upon 
Kirklandia. It seems to be a gastric filling and apparently shows radial canals and 
swollen stomach lobes. Ruedemann (1934) thinks another explanation for these 
Problematica is to be sought. 

Spatangopsis costata Torell (1870)) (Medusina costata auct.) is a curiously 


7 Medusina was proposed by Waleott (1898) ‘fas a generic term to inelude all species of 
fossil meduse whose generic character cannot be determined’’. This form genus of such 
highly questionable designation was proposed when it became clear that Medusites Haeckel 
(1866) was a synonym of Medusites Germar (1826) which Goldfuss (1826-1833) identified 
as a form of the worm spoor form-genus Lumbricaria. Obviously, if Walqott’s ‘‘genus’’ is 
to have significance it must be given a type species. This is perplexing inasmuch as each of 
the first few species considered by Walcott after his proposal is type by monotypy of other 
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lobate medusoid from the Lower Cambrian of Sweden and Estland which is 
probably not assignable to ccelenterate class either. It is a pyramidal and narrowly 
radially costate fossil. Walcott (1898) and Kieslinger (1938A) supplement the 
original illustrations. Spatangopsis costata carries from 4-6 radii. No pouches 
or lobes are known, Jieslinger (1939A) identifies this as the internal gastric 
mold of the form described by Torell one page earlier (1870) as Protolyellia 
princeps and in 1871 redescribed by Linnarsson as Astylospongia radiata. If 
Kieslinger is correct, and there seems to be no reason to doubt him, this Swedish 
fossil has no bearing on Kirklandia, for the “species” based on the umbrellar por- 
tions show a large number of moniliform radii on the subumbrella (?) (Nathorst) 
and according to Kieslinger, on the aboral umbrella also. The so-called umbrel- 
lar portions are preserved as doughnutlike rings in the center of which the gas- 
tric fillings have been seen, although originally found separately. The features 
as presented by Kieslinger are anomalous, for the umbrellar portions are remin- 
iscent of the equorids (Leptomeduse) (except for the duplication of the beaded 
feature in both disks) whereas the gastric mold, with a cruciform mouth and 
swollen stomach, resembles the Scyphozoa (intermediate between the Semzost- 
omez and the Coronata, Kieslinger thinks). Considering this conflict of evidence, 
we cannot even admit the Swedish fossils as craspedotes at this time. They are, 
however, no better acraspedotes, and again intimate the possibility of early 
coelenterate classes and orders very different from those now living. There are no 
tangible features in common between Walcott’s Cambrian “cobbles” and the 
Swedish fossils. 

The Paleozoic and Mesozoic group of Problematica which Kieslinger (1939A) 
sets aside as the “form-group of Paleosem@ostoma geryonides” (probable Scy- 
phozoa) contains some of the most telling similarities to Kirklandia. All are small 
wheels, 3-6 cm. in diameter, divided by incised radii into pillowy sectors grossly 
analogous to Kirklandia. Most, if not all, show a circular central area, some- 
times sharply defined by a ring-sulcus. A few have accessory adoral pillows on 
the main sectors, thus closely simulating Kirklandia, There are great differences 
within the group, however, and from Kirklandia. Most notable over-all distinc- 
tion lies in the absence of exsert lobes of the disks and no evidence of a polygonal 
or quadrate central zone. Almost all other features of Kirklandia are duplicated 
within the group as a whole. 


antecedent form genera. It is proposed that the first species to be considered by Walcott, 
Spatangopsis (Medusina) cosiata (Torell) be considered the genotype. This is, however 
the monotypie genotype of Torell’s Spatangopsis, (1870). Furthermore, the second species 
considered by Waleott after his proposal, Protolyellia (Medusina) princeps Torell (1870), 
Kieslinger (1939A) says positively is the umbrellar cast of the same medusa of which Spatan- 
gopsis is the gastric mold. Protolyellia, of which P. princeps is the monotypical genotype, 
has one page priority over Spatangopsis. Hence Medusina Waleott (1898) equals Protolyellia 
Torell (1870). Due to the very peculiar morphology of Torell’s genus it must for the pres- 
ent be restricted to the genotype and its synonym Spatangopsis costata. Probably more is 
lost than gained by such a suggestion as Walcott had in mind, anyway, and the passing of 
Medusina is 2 good thing. Individual form genera tailored to the peculiarities of Problem- 
atica are to be preferred to all-embracing ‘‘genera’’ which imply a greater degree of rela- 
tionship than is known. 
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Oldest problematicum of the group is an unnamed petallate disk (cast) from 
the Devonian Icla shale of Bolivia (Ulrich, 1893) which Kieslinger (1939A) re- 
illustrates. It is 33-34 mm. in diameter and is symmetrically and regularly divid- 
ed into 12 sectors. The center is elevated into a tiny mound on which the sec- 
tors lose their identity. An irregular central depression occupies the position of 
a central mouth. Since it has neither a manubrial zone nor any signs of an- 
cillary genital lobes or exsert petals, there are no close grounds for comparison 
with Kirklandia. 

The English Gothlandian radially grooved disks named Actinophyllum plicat- 
wm by Phillips and Salter (1848) and reconsidered by Straw (1926) carry 32 
sectors, or thereabout, and may have a central orifice. Like Ulrich’s problemat- 
icum, they are only remotely to be compared with the present fossils. 

Peytoia nathorsti Walcott (1911) from the famous Burgess Pass Middle Cam- 
brian also has 32 sectors, but they are divided into quadrants of seven each with 
four somewhat larger and radially longer inserts between the quadrants. The 
center of Peytoia is more ragged and less circular than subquadrate, in further 
contradistinction from the Bolivian cast. The general unlikeness of Peytoia to 
Kirklandia is patent, 

Kieslinger did not include the last two forms, above, in his ‘‘form-group”, 
although they share the same general plan, except for a greater number of sec- 
tors. In the case of Peytoia everyone who has discussed it has considered it to be 
a true jellyfish. Ruedemann (1934, p. 30), for example, says, “... Peytoia na- 
thorsti (pl. 11, figs. 1, 2) described by the same author from the Middle Cam- 
brian Burgess shale is an undoubted Scyphomedusa”. Walcott calls it a medusa 
and makes no further interpretation, aside from comparing it superficially with 
the Swedish Medusina costata (see above), which he previously (1898) had ac- 
cepted as a Scyphozoan. There are no significant resemblances, and even if there 
were, we have already seen that they would not necessarily spell Scyphozoa. For 
the nonce it is apparently safe only to interpret the Burgess specimen as a med- 
usa, class undetermined. The similarities are fully as much with the Hydromed- 
use as with the Scyphozoa. Mainly we need more knowledge of the extremely 
rare Peytoia. 

Von Huene’s (1901) lobate medusoid, Paleosemeostoma geryoiides, from the 
Alpha and Beta Dogger of South Germany is a perplexing fossil. Eleven or twelve 
pillowy sectors sharply defined by deep narrow furrows lead to a circular de- 
pressed central (mouth?) area. Around the circular mouth (7) rises a sharp nar- 
row collar. The floor of the mouth (?) depression seems almost always to be 
floored by a lowly convex surface. The lobation extends around the rounded 
sides of the disk and on the aboral side there is said to be a central hollow stem 
some I-2 cm. in length. No exsert sectors are known, and homologues of neither 
the quadrate zone nor the genital sacs in Kirklandia are known. What similari- 
ties exist are apparently accidental. ‘ieslinger does not attempt to place P. ger- 
yonides in the scheme of ccelenterate classification, aside from his general as- 
sumption that it is a scyphozoan. In evaluating this form and also the following 
Medusina liasica, it might be well, as Von Huene (10901) inferred, to keep in mind 
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the stolonal larve of such modern Narcomeduse as Cunoctantha kollickeri (see, 
for example, Mayer, 1910, vol. 2, pl. 54, fig. 8). The shape, modus vivendi and 
proportions of this modern medusa are certainly intimative of relationship. 

Medusina liasica Ruger-Haas (1925) of the German Gamma Lias is too poor- 
lv known for more than cursory comparisons. It is a large form, 6.5 mm. in di- 
ameter, and shows 10 pillowy sectors of the P. yeryonides sort which nearly at- 
tain the middle. If at all comparable with Kirklandia it would be with the abor- 
al surface of the disk. Apparently only one surface is known in the Lias form. 

Eeyrich’s (1849) Acalepha’ deperdita was the first medusa to be named from 
the Solnhofener Plattenkalke of Bavaria. Reference to Walcott’s (1898) and 
Brandt’s (1871) illustrations of C. deperditus shows a medusoid rosette of eight 
moderately distended sectorial pillows or pouches adnate to a central ring zone 
in the center of which is found a large circular depression. Brandt showed that 
the radial sulci separating the pouches do not reach the central depression as 
Haeckel had previously thought. These disks are quite similar in superficial as- 
pect to Kirklandia but differ in the absence of any exsert disk lobes, a circular 
rather than a quadrate central area, and in the absence of analogues of the Kirk- 
landia genital sacs. The sulci between the eight petals of the Jurassic fossil are 
somewhat broader than they are in Kirklandia. 

Although placed in the form-group of P. geryonides by Wieslinger (1939A), 
the general pattern of C. deperditus is much more comparable to certain of the 
Trachymeduse, as Haeckel® (1869) thought, than to the presently constituted 
Scyphozoa. The evidence of a simple pouched stomach and large central, circu- 
lar opening fit the Trachynemidze as Haeckel first believed. How to make them 
approach the equorids, as now conceived, with their large number of simple 
radial canals along which the gonads are distributed, the unpouched stomach, etc., 
Brandt (1871) failed to show. The large round mouth or gastric aperture is es- 
pecially important in distinguishing between the Trachynemide and the Ptycho- 
gastriide in the Trachymeduse. Halicreas racovitze (Maas) of the trachy- 
nemid subfamily Rhopaloneminz, as represented by Mayer (1910, vol. 2, p. 390), 
shows the same simple round aperture, conical stomach, and eight zie radial 
canals (=the pouches, therefore, not the sulci between them’) internally along 


8 Since the name Acalepha was proposed by Eschscholtz (1829) for the entire medusoid 
celenterate part of Lamarck’s Radiata, it has never been available for generic usage. For 
Beyrich’s ‘‘ruined medusa’’ Haeckel (1866) proposed the genus Craspedonites. His Trachy- 
nemites (1869) was a substitute name proposed when he changed his interpretation of the 
fossils and is, of course, a synonym of Crasperonites. 

9 Brandt’s (1871) studies of C. deperditus led him to make compariscns with the leptome- 
dusid family ANquoriide rather than the Trachynemide (Trachymeduse) toward which 
Haeckel (1869) had pointed. The basis for this change of view is not clear, but apparently 
Haeckel didn’t choose to debate the matter and abandoned both his committal names for 
this species in favor of the noncommittal Medusites in his 1880 list of world fossil meduse. 

10 Never having been confronted by the clear-cut evidence in Kirklandia that the 
swollen sectorial lobes (and genital pouches of that genus) are expansions of the radial can- 
als, and not interradial zones, Brandt (1871), Haeckel, and many others since, correlated 
the sulei with the canals. This misconstruction is at the base of much of the confusion 
which these early students (and some recent ones as well) bequeathed us. Thus Haecket 
(1869) imagined ‘‘spindle-shape’’ sex bodies along the sulei of Acalepha deperdita which 
Brandt subsequently disproved, the while clinging to the idea of radial sulei. It would prob- 
ably be a safe rule henceforth to assume, subject to disproof, that the lobes of all Kirklandia- 
like Problematiea are radial and the sulei or furrows are interradial. 
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which the gonads are developed. The absence of oral peduncle and lips (oral 
folds) also fits the Jurassic fossils, in accordance with Haeckel’s perspicacious 
original views. 

Acraspedites antiquus (Haeckel, 1866), also from the Plattenkalke, shows a 
double series of eight swollen sectorial sacs. These are at least schematically 
analogous to the gastric and gonadic pouches of Kirklandia. The central circu- 
lar area of A. antiquus is somewhat larger proportionately than in the associated 
Craspedonites deperditus, and the ancillary (gonadic?) pouches are a new fea- 
ture in A. antiquus. Beyond the disk there are two concentric zones of ring- 
muscle imprints. The chief differences from Kirklandia are the large and circular 
central area of A. antiquus, its complete absence of manubrial structures, con- 
tiguity of its inner circlet of pouches, complete lack of tubular canals, and,— 
possibly most significant,—lack of exsert lobes. 

These differences from Kirklandia seem to be well within the possibilities of 
the Trachymeduse. Much though we must respect the genius of Haeckel, it 
seems unfortunate that he placed 4. antiquus and Craspedonites deperditus so far 
apart in classification. I fail to see any virtue in comparing 4. antiquus with the 
Pelagide of the Discomeduse (Semzeostomez), at least as that family is under- 
stood to-day, (Mayer, 1910, vol. 2, p. 569). Kieslinger’s inclusion of both these 
species in the P. geryonides form-group intimates closer alignment of the two 
forms, even though neither seems to show the true jellyfish features which he im- 
plies for the entire group. It is probably safe to predict that future study will 
unite A. antiquus and C. deperditus as a single species. From similarities to the 
general scheme of Kirklandia, it is possible that 4. avtiquus represents oral im- 
prints of a medusa the aboral gastric surface of which is imprinted as C. deper- 
ditus. The two forms bear to each other the same relationship as the two sides 
of the Kirklandia disk. Both forms are easily fitted into the Trachymedusz, fam- 
ily Trachynemide. To be sure, none of the modern species within this family 
(at least as known to me) develop genital outpouches on the gastric (radial) 
canals. However, the gonads are so situated on the canals as convemiently to 
stimulate such growth, as it is assumed they did in Kirklandie, and as they do m 
the Ptychogastriide. 

Of less direct, demonstrable bearing, but of great interest, is the Solnhofea 
Jurassic medusa, Medusina bicincta (Haeckel, 1869), referred by WKieslinger 
(1939A) to a group of “medusz of uncertain affinity”. This form is character- 
ized by an “iron-cross” pouch structure in the center of which apparently occurs 
a circular depressed (mouth?) area. Alternating with the four “iron-cross” 
pouches which attain the central area are four somewhat broader, and apparently 
non-pouched, exsert “quadrants”. This is a very small disk, and contrary to 
Haeckel’s (1869) and Ammon’s (1886) opinion”, it may be an early stage (or 
ephebic ancestral relic contemporary) of C. deperditus. It may also shed some 
light on the origin of the lobation in the whole Trachymeduse line, and possibly 
even account for the basically four exsert lobes in Kirklandia, All this is specula- 
lation, of course, but it might be supposed that in youth and ancestry Kirklandia 


i «They apparently thought of it as an acraspedote, probably related to Acraspedites ; 
in 1869, however, Haeekel pointed out supposed similarities to Acelepha deperdita, 
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degan with four radial canals leading centrifugally from the center gastric area. 
These developed into the four basic gastric inflations in accordance with familous 
traits. Subsequently, in customary medusa manner, each primordial canal split 
into two; this was probably a distal split which progressively migrated centripet- 
ally until the stomadeal area was attained and the system of eight discrete canals 
of average adulthood formed. The original nonpouched exserts remained exsert, 
but were forced by inflation and investiture of the radial elements into smaller 
centrifugal space than was theirs originally. Supplementary exsert lobes might be 
developed either by a sexpartite variant, or irregularly by expansion of a 
secondarily interradial element. Walcott (1898, pl. 45, fig. 2) illustrates 
M. bicinta. Like the other two members of the Solnhofen triad, the safest assign- 
ment of this form seems to me to lie with the Trachymeduse, and possibly in the 
Trachynemide. 

We now pass to comparisons with forms assigned with fewer reservations by 
Kieslinger (1939A), and most of his predecessors in the study of fossil medusz, to 
definite lines within the Scyphozoa. Bassenia moree@ Renz (1925) of the Upper 
Cretaceous of the West Peloponnesus exhibits a double circlet of 22 bulbous 
sacs arranged in concentric circles. What these may be and whether they are 
connected, and if radial or interradial, is not known or determinable from the ma- 
terial thus far discovered. The inner circlet of bulbous sacs is reminiscent of 
our Cretaceous fossils, but in the greater number of elements in each circlet and 
absence of definite lobes or canals we find insuperable differences. Kieslinger’s 
reference of Bassenia to the Atollid is a hazard worth making. 

Atollites zitteli Maas (1902) occurs in the lower chalk of the Carpathian 
Wernsdorfer Schichten (Mahren und Schlesien). It comprises scalloped disks 
with 17 or 18 pouched petals, some of which seem to be without central connec- 
tion and thus resemble the exsert lobes of Kirklandia. The greatest inflation of 
the sectors occurs in the peripheral half. The central half of the disk is a flattish 
depressed zone across which elevated tubules (as in Kirklandia) connect the swol- 
len petals with the central opening. There appear to be a few swollen petals, per- 
haps analogous to the exsert ones in our fossils, which have no tube connection. 
A narrow circular zone surrounds a tiny central aperture. A few petals seem to 
show minuscule swellings just peripherad of the canal junction. From this it is 
obvious that a large community of gross characteristics link Atollites and Kirk- 
landia. This Carpathian genus is unique among comparative materials in show- 
ing tubular canals leading from the orifice area to the expanded lobes, thus once 
again demonstrating the radial instead of interradial position of the expanded 
portions. It is seriously to be doubted if Afollites is related to the Recent genus 
Atolla or the Atollide. Such assignment entails the assumption that the 4tollites 
lobation is equivalent to the marginal lappets of the Coronata. This is most risky 
when we see such clear-cut evidence in Afollites zitteli of gastric connection of 
the lobes via the tubular canals. The plan is better suited to the trachymedusoids 
herein espoused. This argument seems likewise to apply to Aftollites minor Maas 
a consociate of A. zitteli. Both may eventually find their niche in the same order 


as Kwrklandia. 
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iieslinger places Bassenia and Atollites as subgenera of Gabelli’s (1900) ie- 
cene genus Lorenzinia, typically of the Apennines (L. apenninica Gabelli, geno- 
type). Truth is, Gabelli’s forms are too problematical to make such assigiment 
more than speculative. He dealt with concentric circlets of fusiform or ovoid 
imprints, apparently without any good evidence of animal or vegetable origin, let 
alone ccelenterate proof. They might be atollids, or a dozen other radial organ- 
isms. Afollites zitteli is especially infelicitiously submerged in this form-genus, 
with which it shares virtually nothing but radial symmetry and a possibility of 
similar lobation. No comparison between Airklandia and Lorenzinia, s.s., seems 
profitable. 


Figure 7.—Composite represeitation of Rhizostomites admirandus Haeckel of the Soln- 
hofen Upper Jurassic of Bavaria;  %. Center- (aboral) crossing of the primary sulci; La- ex- 
sert lobes; dash-line- margin of inflated part of gastric disk; Gn- shadowy imprints on a sin- 
gle specimen; In- insert lobes; Lp- marginal lappets; Ogz- ovter (deflated) gastrie zone; Pag- 
perimeter of gastric surface; Pr- peronal canal position; Prn- position of peronal notch; 
Rm- ving muscles; Sm- smooth zone between central and peripheral umbrelia; S,- primary 
suleus; §,- secondary suleus; Sa,- centrifugal extension of secondary suleas; 7c¢,- primary 
tentaculocyst position; Ze,- secondary tentaculocyst position; Yne- possibly tentacular cica- 
triee upon aboral gastric surface; Tam- possibly zone of muscular adhesion laterad to tenta- 
cle root on aboral gastric surface; Vm umbrella( peripheral zone). Drawn from United 
States National Museum specimen, No. 86778 (hypotype) and Waleott (1898), Brandt 
(1871), Ammon (1886), and Kieslinger (1939A). 
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Our final comparison offers both greatest prospects and gravest difficulties,— 
though possibly more of the latter are scriptural than morphologic. No fossil 
jellyfish can compare with Rhizostomites admirandus from the Solnhofen de- 
posits either in perfection of preservation or ubiquity of discussion. Apparently 
nobody has ever doubted Haeckel’s (1866) original assignment, as the name im- 
plies, to the rhizostomatous Scyphozoa, Yet to the central area of this jellyfish 
our new material bears such important similarity as to make it incumbent upon 
us to reconcile, if possible, the ideological differences between the two. But first, 
a résumé of the Jurassic fossil, In addition to the various original sources, Wal- 
cott, (1898) and the two 1939 papers by Kieslinger, should be consulted. The 
work of the latter has greatly clarified our knowledge of the jellyfish by an eco- 
logical approach which has resulted in a healthy reduction in number of genera 
and species of Solnhofen meduse. 

As shown by the species of medusoids in parentheses under Rhizostomites ad- 
mirandus in the foregoing list, Kieslinger’s synonymy includes three supposed 
genera and four species of Jurassic forms. The last three forms of preservation 
do not especially concern us, since they are of no direct bearing on Kirklandia. 
Nor will we attempt to appraise Kieslinger’s arguments for including them under 
Rhizostomites. Hexarhizites insignis Haeckel (1870) has been considered, with- 
out dissenting vote, a six-part variant of Rhizostomites admirandus ever since 
Ammon’s (1886) revealing study. There seems to be no doubt that Haeckel 
(1869) was correct in reévaluating his (1866) Rhizostomites lithographicus as a 
preservational phase of the central region of R. admirandus. All subsequent 
students of the Jurassic medusze have agreed. 

The features of FR. admirandus are shown in outline by text figure 7 which is 
taken from a photograph furnished by Dr, R. S, Bassler of a specimen in the U. S. 
National Museum collection. This specimen was also illustrated by Walcott 
(1898, pl. 41) in his great monograph of “Fossil Meduse”, Marginal features are 
taken from studies by Brandt (1871). 

Rhizostomites reached gigantic proportions for fossil medusze ; specimens in the 
Solnhofen deposits attain 40 cm. in diameter. The central disk area of typical 
forms (including R. lithographicus) is characterized by four deep sharp pri- 
mary sulci (S;) which cross at the center. About halfway to the perimeter of the 
main disk these bifurcate into secondary sulci (Se). The areas between the sulci 
are moderately inflated into four insert (/m) and four exsert (Ev) lobes. Lying out 
side the main, inflated disk are four subtrigonal areas (Tuc, Tnm) with a mid- 
dle elevated, ovately fusiform area radially dividing the trigonal region. These 
triangles lie within a less inflated, but weakly sulcate eight-lobed continuation 
of the main central disk. The periphery of this area is cleanly defined (Paq) 
into four broad scallops which center on the triangular areas. Peripherad of the 
boundary is a “smooth zone” (Sm), so-called because it does not show the con- 
centric markings (Rm) so characteristic of the peripheral area, Brandt (1871) 
illustrates the perimeter of the disk with tiny lappets (Lp) which are apparently 
separated into 16 marginal groupings, in some of which the roots of tentacular 
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(or tentaculocyst) structures are present, and in others, absent (Tc, Tc2, Pri). 

The hypothesis of rhizostomatous alignment has been so thoroughly and so 
often presented in the past that we need only touch the high points here. It has 
been assumed by all that in these typical R. admirandus we deal with oral imprints 
of a rhizostome oral disk; that the sulci are the healed mouth grooves and that the 
eight grooves lead to arm pillars somewhere out near the periphery of the disk 
(Brandt) or even near the perimeter of the bell (JKieslinger, after Maas, 1902). 
Of the remnants of such arms, or amy signs of such structures, there is not a 
smitch of published evidence, apparently, and herein has lain the chief difficulty 
in matching the fossils with any known Rhizostomez. The four trigonal areas 
have been likened to the four subgenital pouches of the Scyphozoa, and the ele- 
vated central portion of these areas has been interpreted as an opercular cover 
to the subgenital pit. Brandt (1871) and Walcott (1898, copying Brandt) give a 
restoration of Rhizostomites in accordance with the rhizostomatous theory, quite 
gratuitously restoring arms at the termini of the sulci. This classical interpreta- 
tion has much to recommend it, but certain similarities to Kirklandia suggest an 
alternative hypothesis. 

The sharp, rather than the expected zigzagging (“‘sewed’’), course of the sulci, 
the absence of any vestige of bona fide oral structures, and the anomalous trigon- 
al areas, raise doubts. On the aboral surface of Kirklandia disks almost precisely 
the same sort of lobation and suleation, including the central crossing of the pri- 
mary sulci, apparently exists (Plate 5, fig. 4); insert and exsert lobes, of which 
we have made so much, occur here in certainty for the first time. To be sure, 
the number of lobes in the Jurassic specimens is smaller, and the symmetry more 
regular (not forgetting Hexarhizites, of course). 

A specimen of Rhizostomites admirandus illustrated by Ammon (1886) and 
copied by Kieslinger (1939A, fig. 22) is unique among illustrations of the species 
in showing a circlet of shallow excavations (in the mold) (Gn) in the same po- 
sition as the genital pouches of Kirklandia. The shallowness suggests a sagging 
of the aboral gastric wall into the gastric chamber which thus permitted the 
swollen gonadic pouches or external gonads to stand out in aboral relief. How 
to account for these unique structures in Rhizostomites is almost impossible if the 
sulci are oral and radial and the four trigonal areas are subgenital camere. How- 
ever, we cannot stress the shadowy structures too strongly from this very im- 
perfect intimation. 

Kirklandia demonstrates the fossil existence of toughly invested gastric disks, 
with melonoid Icbation due to interradial sulci. The central disk of Rhizostomites 
in several respects recalls the aboral surface of the Kirk/andia disk. Now can we 
find in the Hydromeduse class any analogues for the new features exhibited by 
Rhizostomites? The answer seems to lie in the Narcomeduse, or at least seems 
as potentially to lie there as it does in the Rhizostomee. These potentials are il- 
lustrated by text figure 8. ; 
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Figure 8.—Semidiagrammatic radial sections through Recent Narcomeduse. Showing 
potentiality of these Hydromeduse to account for certain features of Rhizostomites admir- 
andus and possibly of Kirklandia texana. Of especial significance is the contact of the ten- 
tacle roots (Tre) with the umbral gastrie wall, thus perhaps accounting for the four (or 
more) so-called genital coverplates in the Jurassic genus. Note also the pendant gastro- 
genital sacs in figure A. A. Pegantha pantheon Haeckel. B. Cunarcha eginoides Haeckel. 
C.Polycolpa forskali, Haeckel. Ac- auditory club of tentaculoeyst; Cg- coronal (tentacular) 
groove of umbrella; Gc- central stomach; Ggp- gastro-genital sae of Pegantha; Gn- gonads; 
Gu- umbral wall of central stomach; Gw- subumbral wall of stomach; M- circular mouth of 
Pegantha and Polycolpa; Mn- manubrium; Oo- otoporpe of tentaculoeyst; Op- peduncle 
of auditory club; Pec- peronal canal in Cunarcha; Pu- peripheral umbral jelly; Swe- subum- 
brellar epithelium; Zc- tentaculoeyst; Tn- coronal tentacle (many in Pegantha and Poly- 
colpa; four in Cunarcha); Tr- root of coronal tentacle; Tre- contact area of tentacle root 
with umbral gastric wall; Ue- umbrellar epithelium; Ug- gelatinous substance of umbrella; 
Us- urticating swelling at base of tentacle. Vm- velum. From Haeckel (1883). 


In such forms as Cunarcha and Polycolpa, illustrated in figure 8, we have four 
(Cunarcha) or more (Polycolpa) powerful coronal tentacles emerging through 
the umbrellar jelly on the tentacular furrow (Cg). Their roots (Tr) are deeply 
buried in the umbrellar jelly (Ug) and lie in contact with the umbral wall of the 
central stomach (Gu) or the peripheral extension thereof. It is conceivable (but 
unproved from modern writings) that this impingement of the tentacular root 
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upon the umbral wall of the stomach is now occasionally, or has been in the past, 
recorded by a cicatrice or at least depressed zone. ‘The suggestion arises that 
herein may lie the explanation of the four trigonal areas in Rhizostonites. lf in 
an archaic narcomedusid the umbrellar jelly (above the coronal groove) were to 
be destroyed soon after death and stranded jellies, without tentacles, were to be im- 
bedded aboral side down, imprints much like those of Rhizostomites might re- 
sult, providing of course, that these jellies possessed tough and sulcate gastric 
disks of the Kirklandia sort. All other features of the Jurassic peripheral fieid 
would fit most conveniently into the pattern of this hypothesis, including the mar- 
ginal fractionation into the lappets (shown by Brandt, 1871), and the well-known 
concentric muscle zone. The “smooth zone” nearest the central sulcate disk 
might correspond to the cleavage plane between the main mass of aboral jelly 
and the peripheral jelly (Pw) at the coronal furrow. The “smoothness” might be 
attributable to absence of the strong circular muscles which characterize the 
peripheral zone 

According to this hypothesis, then, European colleagues should institute a 
search among their large collections of Jurassic acalephs for true oral surface im- 
prints or casts. These should show either a quadrate or circular mouth in a disk 
characterized by insert, and probably exsert, lobes separated by deep sulci of the 
same general sort already known. Gonads or sex sacs may or may not be visible, 
but if so, should lie upon the sectorial expansions, either interiorly or exteriorly. 
Almost exactly the required forms, albeit of smaller size and possibly without 
gonadic pouches, are already known at Solnhofen in the various lobate Problem- 
atica such as Medusina (Craspedonites) deperdita (Beyrich), Acraspedites an- 
tiquus (Haeckel) and Medusina bicinctus (Haeckel) ,—the latter perhaps even 
fulfilling the gonad requirements as well. All of these show some evidence of a 
circular aperture, and the same basic sort of quadripartite lobation as Rhizostom- 
ites. They are quite probably immature phases of the famous fossil, and seem to 
substantiate the new hydrozoan hypothesis. 

If the present postulate is right, then apparently, contrary to the opinion of 
Kieslinger (1039A), the laterally crushed imprint from the Solnhofen beds 
known as Leptobrachites trigonobrachius Haeckel (1869) is not a synonym of 
Rhizostomites admirandus. The evidence for Kieslinger’s view is most hazy, 
since the Leptobrachites disk is not known, Moreover, Leptobrachites shows 
pendant scyphozoan arms which could not be attached to the known surfaces of 
Rhizostomites and would be equally incompatible with a hydrozoan oral surface. 

Whether we have achieved the desired reconciliation or not is a moot ques- 
tion, but there are assuredly as many arguments in favor of considering Rhizosto- 
mites admirandus, s. s., to be a hydrozoan as a scyphozoan, anda trachvline as 
a rhizostomid.? Of all Problematica, this European Jurassic form seems auite 


12 We must recall also that ever since the studies of Maas (1902) medusologists have 
recognized that Rhizostomites can enter the ranks of the Rhizostomer only by drastic dis- 
pensation. As Kieslinger (1939A, following Maas, 1902) points out, the while consider- 
ing it a primitive rhizostome, Rhiz ites prohably carried marginal, instead of central 
moutharms (2 pure guess) and was further anomalous in having undoubted marginal tenta- 
cles. This organizational scheme would appear to render the rhizostome argument imponder- 
able. 
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probably to lie closest to our new Cretaceous forms from Texas. In its simpler 
organization, 7. e., fewer lobes, it would adequately fulfill the ancestral position. 
As an aboral imprint only, however, we know too little about critical structures 
to venture congeneric or even confamilous assignment. If the circular mouth of 
Medusina deperdita and analogous consociates belongs to Rhizostomites, they 
probably are a distinct family line. Until we know of trigonal (tentacle?) scars 
in Kirklandia we must not consider alignment with the coronate Narcomedusz 
for it. Gastric pouching and internal gonads of the Kirklandia sort better fit the 
trachymedusid Ptychogastriide, as we have urged for many a page. 

We must be ready to meet the possibility that this jumbling of modern ordinal 
characteristics had no such significance in Jurassic and Cretaceous times; that 
a Mesozoic ancestral stock merged these features in an order now wholly extinct, 
and whose attributes exist today only in fractionated dissipation. 


CONCLUSION 


From this survey of Recent and fossil analogues it seems probable that Kirk- 
landia represents external likenesses of a medusa gastric disk, which was possibly 
toughened by thick investiture of a fibrous mesogloea; that the closest living rela- 
tives are probably the Trachylina, to both existing orders of which Kirklandia 
shows important similarities; and that this mingling of Recent traits, plus others 
either idiosyt.eratic or shared only with fossils, will probably require a distinct or- 
der of extinct trachylines for their accommodation, 

The morphologic details of Kirklandia are shared by several Problematica so 
similar as to suggest organic relationship; thus intimating that the unnamed or- 
der was of some size and of considerable geologic range. 

The doubts which Kirklandia raises concerning Rhizostomites pervades the 
whole structure of paleomedusology. It would be fatuous to suppose that the 
Scyphozoa were not an ancient group of ccelenterates, but it is equally unwar- 
ranted to believe that they alone held the potentiality for fossilizaion. By this 
study we would focus attention on the equal availability of the phylogenetically 
older trachylines. Many of our leading students of present day medusze have 
vigorously insisted (e. g., G. Staisny as quoted by Bassler, 1941) that most so- 
called fossil jellyfish are not assignable to either of the discomedusan lines (Semeze- 
ostomee and Rhizostomee). The other scyphozoan orders have seldom been 
called upon to admit fossils. Paleontologists would do well utterly to exhaust 
the possibilities of the Hydromeduse when working with Paleozoic medusoid 
Problematica. The greatest surprise of this study has been the evidence which 
suggests that these simple acalephs were probably the dominant “jellyfish” as late 
as the Jurassic and Cretaceous periods. 
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PLATE I (VOL. PL. 16) 


Lower Cretaceous (Pawpaw formation), Denton County, Texas. 

Figure 1. Rubber cast of holotype natural mold. Oral surface; note 
polygonal manubrial area, 8-lobe symmetry, and suggestions of paired go- 
nadie imprints (Pd) on the genital saes (Ggp). Mold, U. 8. National Mu- 
seum, No. 136131A; rubber east, University of Cincinnati Museum, No. 
22979-7a; X1. 

Figure 2. Rubber cast of paratype mold. Oral surface; note 7-lobe sym- 
metry and evidence of shrinkage on the surface of the genital sacs. Original 
in the F. V. Studer Collection, West Texas State Teachers College; rubber 
cast, University of Cincinnati Museum, No. 22979-5a; X1. 

Figure 3. Natural mold, reversed lighting; oral surface showing unusual 
trilobate condition of several sectors. Kirkland Collection, University of 
Cincinnati Museum; x %. 

Figure 4. Rubber east of paratype natural molds; oral surfaces of three 
growth stages. Note variation in shape and degree of pendancy of the geni- 
tal sacs and in the number and nature of the lobation from specimen to 
specimen. Mold, U. 8. National Museum, No. 136131B; rubber cast, Uni- 
versity of Cincinnati Museum, No. 22979-6a; X1. 

Figure 5. Rubber cast of paratype natural mold; oral surface, illustrat- 
ing variation in shape of genital pouches and nature of manubrial fea- 
tures. Emergent central plug (Cc) well defined (hollow in life?). Note 
suggestions of ovate structures around the cone (Bp). Kirkland Collection, 
University of Cincinnati Museum; X1. 

Figure 6. Rubber cast of paratype natural mold; oral surface exhibiting 
two pendant structures or worm spoor emergent from the central zone. 
Note the absence or poor development of the genital sacs. Kirkland Collec- 
tion, University of Cincinnati Museum; rubber mold, idem, No. 22979-13a; 
X2/3. 


All symbols explained in text figures 1-4. 
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1-6. Kirklandia texana Caster, n. gen., n. sp, — ae 


Lower Cretaceous (Pawpaw formation), Denton County, Texas. 

Figure 1. Paratype natural mold. Oral surface showing only faint traces 
of genital pouches (Ggp), but a striking record of the paired depressions 
(Pd) (gonads ?) and the intervening carina or mesentery (Mg). Note also 
the suggestion of bulbous imprints (Bp) around the central (manubrial) 
area. Kirkland Collection, University of Cincinnati Museum; 1. 

Figure 2. Rubber cast from paratype natural mold. Sole aboral record 
in the topotype suite; shows the aborsl duplication of the oral suleation 
and centrally an aboral rupture of the gastrie wall by the mud-filled oral 
funnel (4c). Note the record of the radial canals (Gace) on the ruptured 
mound. Mold, University of Cincinnati Museum, No. 22979-4; 4a- (rubber 
cast); XL. 

Figure 3. Rubber cast from paratype natural mold. Oral surface show- 
ing 7 gastrie and genital lobes; genital saes pedunculate; exsert gastric lobes 
not developed; Kirkland Colleetion, University of Cincinnati Museum, No. 
22979-S8a (rubber east); 1. 

Figure 4. Rubber cast from paratype natural mold. Oral surface show- 
ing 10 or 11 genital pouches and an intimation of stomadeal struetures. Kirk- 
land Collection, University of Cincinnati Museum, No, 22979-9a (rubber 
east); X1. 

Figure 5. Rubber cast of paratype natural mold. Oral surface showing 
a 7-part disk; centrifugally pendant genital sacs hearing paired gonadic im- 
prints; insert and exsert gastric lobes; mouth and radial-cano] features. 
Shrinkage marks well developed on lobe margins; structure at extreme top of 
picture problematical; in mold seems perhaps to be connected with an aboral- 
ly bent tentacular arm. Princeton University Museum, No. A7§4; rubber 
east, University of Cincinnati Museum. No. 22979-lla; 1. 

Figure 6. Enlargement of the central area of figure 5 to show manubrial 
and canal details. 

Figure 7-8. Nodosavia cf. texana. Enlargement of the two foraminifers 
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shown on tlie periphery of figure 1, Plate 3. 
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Lower Cretaceous (Pawpaw formation), Denton County, Texas. 

Figure 1. Paratype natural mold. Oral surface showing 12-14 peripheral 
lobes; 8-9 lobes appear to be insert and carry gonadic pouches. Note two 
Nodosaria on the matrix margin of the disk (see Plate 2, figs. 7, 8). Private 
collection of Thomas D. Copeland, Dallas, Texas; 1. 

Figure 2. Paratype natural mold. Oval surface showing curious split lobes 
and fused genital sacs. Note faint evidence of lobate structures (Bp) around 
the central zone. Kirkland Collection, University of Cincinnati Museum; 
x1. 

Figure 3. Rubber cast of paratype natural mold. Oral surface of aberrant 
individual showing evidence of sporadic radial splitting; 12 genital saes,— 
all much shrivelled. University of Cincinnati Museum, No. 22979-1, la; (rub- 
ber cast); X1. 

Figure 4. Rubber cast of paratype natural mold. Oral surface showing 7 
genital sacs, only 5 of which are well developed; note fusion of gastrie lobes 
at periphery. Texas Christian Nniversity Collection; rubber cast, University 
of Cincinnati Museum, No. 22979-10a, x1. 

Figure 5. Rubber cast of paratype mold. Oral surface of a somewhat 
amorphous individual with large, sessile genital pouches and polygonal oral 
features. University of Cincinnati Museum, No. 22979-2, 2a; (rubber cast) ; 
x1 

Figure 6. Enlargement of central area of figure 5. 


All symbols explained in text figures 1-4. 
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EXPLANATION OF PLATE IV'(19) 


Page 


Kirklandia texana Caster, n. gen., n. sp. ee ap RSS ete 


Lower Cretaceous (Pawpaw formation), Denton County, Texas. 


Figure 1. Rubber cast of paratype slab showing disposition of access 


Ss 


wry 
structures over and around the lobate impressions. See figures 2 and 3 for 
enlargements. U. 8. National Museum, No. 156131-2; rubber east, Univer- 
sity of Cincinnati Museum, No. 22979-l4a; x1. 

Figures 2, 3. Enlargements of portions of figure 1 to illustrate the nodose 
character of the accessory structures; possibly nettle organs. 

Figure 4. Slab from original locality showing ovoid disposition of 8-9 col- 
umns of nodose structures (surficially similar to figures 2, 3). Suggests 
tentacular function of these possibly urticacious structures in life. Collee- 
tion of Fred T. Moseley, Dallas, Texas; 1. 

Figure 5. Portion of a disk periphery showing shrunken margin and sug- 
gestion of its continuation into a fragile peripheral region. Same slab as 
partially illustrated in figure 1; 1. 

Figure 6, Under surface of a slab bearing Wirklandia imprints showing 
sandstone filling of various invertebrate spoor originally made in the clay 
underlying the jellyfish layer. Bureau of Economie Geology Collection, Uni- 
versity of Texas; 1. 

Figure 7. Natural oral mold of Kirklandia showing 9 lobes, two of which 
appear to be split from an originally 7-lobed state. Collection of W. T. 
Watkins, San Antonio, Texas; 1. 
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Natural casts from an abandoned brick pit at Gainesville, Texas. Lower 
Cretaceous (Pawpaw ? formation). From the collection of W. T. Watkins, 
San Antonio. Texas. 

Figure 1. Aboral view of a cast showing sulci, swollen margin, and central 
elevated area (compare with figure 2, Plate 2); x1. 

Figure 2, Oral surface of figure 4 Note circular central area which con- 
sists of an emergent central plug with a circular planate collar around it; 
plug and collar preserved in pyrite. The irregular darker bands from the 
ceuter toward the left also preserved in pyrite, (compare with structures 
shown in figure 6, Plate 1) and resembling worm burrows; 1. 

Figure 3. Lateral view of figures 1, 2, showing the billowy inflated nature 
of the casts and their characteristic distended margin which is in contrast 
to the shrunken aspeet of this zone in the topotype material; 1. 

Figure 4. Aboral surface of another natural cast showing the biramous 
pattern of primary sulci and central shallow concavity of the undeformed 
disk; approx. 4/8. 

Figure 5. Polished seetion near middle of a natural cast fragment showing 
profile and a suggestion of the concentric weathering of the margin and dif- 
ferential chemical weathering of pyritic calcareous nodule. White and gray 
areas are pyrite; black streaks are shrinkage crevasses in the residual clay 
caste. 

Figure 6. Deeply imprinted spoor associated with original molds of Mirk- 
landia, Form very similar to the tracks made by the simple, chelate feet of 
modern Limulus; X1. 
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OBSERVATIONS ON GASTROPOD PROTOCONCHS 
By 


BuRNETT SMITH 
INTRODUCTION 


The purpose of the present study of gastropod protoconchs is twofold, namely, 
(1) to review selections from the literature, mostly publications appearing since 
1885, and (2) to make available somewhat disconnected notes accumulated by 
the writer for a number of years. 

It is well known that many gastropod shells exhibit several distinct stages of 
individual growth (ontogenetic stages). That these stages may give some in- 
formation on the race history or phylogeny of a shell is probably accepted by most 
students of the Gastropoda. However, there seem to be wide differences of 
opinion on the degree to which ontogeny reveals phylogeny. In any case it is 
highly advisable to study the ontogenetic stage or stages shown by the gastropod 
protoconch and to make any necessary comparisons with the earlier stages of the 
conch. Regardless of the possible value of young stages in theoretical biology 
it is believed that the practical importance of identifying immature shells will be 
recognized by all. 
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Drawings have been favored for the purpose of illustrating the protoconch. In 
spite of possible idealizing on the part of the artist and in spite of possible dis- 
tortions and exaggerations it is believed that the drawing elucidates the protoconch 
much better than does the photograph. 
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PART I.—REVIEW OF SELECTIONS FROM THE LITERATURE 
TERMINOLOGY 

A number of terms are in current use for young stages of the gastropod siiell. 
The attempt is often made to correlate these terms with certain periods of the liie 
history such as embryonic, larval, youthful, or again, terms may be employed 
merely in a descriptive sense. The same term may be used in different ways by 
different authors—even in different ways by the same author in a single publi- 
cation, A few examples of inconsistencies will now be given. 

In the beautiful illustrations of Gastropoda collected by the Challenger the 
term “apex” is used in the plate explanations in such a way as to include some 
whorls with adult characters. The text, on the other hand, seems to restrict 
“apex” to those early whorls, smooth or sculptured, which differ markediy from 
the later whorls with adult features (Watson, 1886, pl. r1, figs. 3c, 8c, pp. 182, 
185). The present writer considers that the text should govern in this case and 
that it represents the intent of the author of the Challenger report. 

Dall (1890, pp. 66, 67) speaks of “larval specimens’ ready to emerge from the 
capsule (egg capsule). In a later paragraph occur the words ‘nucleus or larval: 
shell” presumably as synonymous terms. Somewhat farther along in discussing 
the “bulbous nucleus” the following is found—“Still another important step is 
taken when the larval shell becomes larger, bulbous or subspherical, one-sided and 
inflated. The number of whorls is less and the nucleus is generally slightly larger 
than the next succeeding whorl.” From this latter quotation one may draw the 
inference that the “nucleus” is now part of the larval shell and that the terms 
“nucleus” and “larval shell” are no longer synonymous as at first indicated. Still 
a third conception of the term “nucleus” is given in Dall’s discussion of the “horny 
protoconch”—“In the typical form the larva is clothed with a cuticular or horny 
protoconch, probably similar in form to that which when shelly results in the 
‘bulbous nucleus’ of the cther line of descent. Later on, but while still in the 
evicapsule, the deposition of limy matter begins as a slender cone or elevated 
point along the line of the axis of the protoconch, and as the larva grows the 
posterior part of the mantle secretes a shelly dome. Being thus cut off from the 
horny protoconch, the latter falls in shreds and is lost. The nucleus of the larva, 
still in the ovicapsule, then presents a slightly irregular dome, with a slender point 
rising from the apical part (PI. 6, fig. 5).” If one consults this figure it is found to 
be of a “Larval shell taken from the ovicapsule of the recent Scaphella magel- 
lanica Sby., showing calcarella;” etc. “Nucleus” is therefore used by Dall in 
three different senses. 

In 1897 George F. Harris (1897, p. 97, pl. IV, figs. 8a, 8b) states in his text 
that the protoconch of Volutilithes antiscalavis M’Coy consists of 1144 smooth 
rounded turns. However, his figure of the protoconch of this species shows more 
than the smooth stage and includes one whorl showing two different types of 
sculpture. It is probably safe to assume that the text should rule in this case and 
that the intent was to exclude the sculptured whorl from the protoconch. 

In 1902 Smith (1902, p. 505) uses the term protoconch without defining it 
while Grabau (10902, p. 918) writes as follows: 
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“The Protoconch of Gastropods——The apical whorl of a gastropod shell has 
come to be generally known as the protoconch, though this term has been pre- 
occupied for the corresponding apex of cephalopod shells. The protoconch of 
gastropods is essentially different from that of cephalopods in that it is (at least 
in the majority of types) twisted into one or more coils of a spiral nature, whereas 
that of cephalopods, so far as known, is a mere swollen bulb.” Note contradic- 
tion between a protoconch which is an “apical whorl” and a protoconch “twisted 
into one or more coils of a spiral nature,” etc. 

In 1907 Smith (19074, p. 194) uses the term “apex” to cover from one to sev- 
eral whorls but also uses it in the sense of initial whorl (1G07a. p. 194; 1907C¢, 
PPp- 235, 236). 

A search through the literature would probably reveal many other inconsist- 
encies in usage but the above will suffice to illustrate the point. 

In modern practice there seems to be a rough equivalency between “protoconch” 
and “nucleus.” The term “apex” is less easy to fix but it makes an approach 
to, or may even agree in meaning with, “protoconch” and “nucleus.” The term 
“apical whorls” is used in this paper in a descriptive sense and may include not 
only the protoconch but some of the early conch volutions. 


THE TERM PROTOCONCH 

Hyatt (1880, p. 399) attributes the term protoconch to Owen and later (p. 
401) he speaks of “the protoconch of—veligers of Gasteropoda, etc.” Grabau 
(1902, p. 918) points out that the term was applied first to the young cephalopod 
shell. Later it was put into use in describing the shells of gastropod veligers and 
a varying number of the early whorls of any well-preserved gastropod shell. 

George F. Harris (1897, p. X) following Hyatt, together with Buckman and 
Bather, considers that the individual history from ovum to the acquisition of class 
characters is assignable to the embryonic stage. He adds: “In the fossil state 
we can only have left for investigation the hard part of the organism, which in 
the case of the Gasteropoda is here called the Profoconcs:, and in the Lamelli- 
branchiata the Prodissoconch.” This correlates the protoconch with an onto- 
genetic stage, the embryonic, but it does not tell one how to distinguish the pro- 
toconch from post-protoconch (conch) whorls. Harris, however, clarifies this 
difficulty in part by saying that “in the case of shells that are quite smooth it is 
hard to say where the protoconch ends and the brephic stage begins; but in very 
many instances a characteristic varix is present, denoting the termination of the 
former.” The meaning is hardly clear but the varix would appear to be ex- 
cluded from the protoconch (see also Harris, 1897, p. XIV). 

The term “‘proteconch” occurs frequently in the writings of Grabau and a few 
of his observations will be briefly noted. He remarks (1902, p. 918), “It is 
not always possible to determine the precise line of demarcation between proto- 
conch and conch, since in a large proportion of types the two grade into each 
other imperceptibly.” This, however, is not always so for “In certain types 
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(Buccinum, etc.) a line and a slight change in the growth of the shell indicate 
the place where we may most reasonably make the separation between proto- 
conch and conch. In a number of cases (Fusus, Hemifusus, certain Murexes, 
etc.) the end of the protoconch is strongly marked by the existence of a pro- 
nounced varix and an abrupt change of ornamentation (Fig. 5). In the major- 
ity of cases, however, no such definite line of demarcation exists.” The figure 
5 is of the Recent Hemifusus colosseus Lam. showing “protoconch with riblets 
in the last portion, and the abruptly beginning, accelerated conch with the shoul- 
der developed at the beginning.” This figure (5) shows no true varix. 

In discussing the protoconch of the genus commonly known as Fusus (fusinus 
Rafinesque, see Woodring, 1928, p. 256) Grabau (1904, p. 9) writes as follows: 

“The protoconch generally ends abruptly with a varyx, which sometimes is 
a riblet scarcely more prominent than the other riblets on the protoconch, or 
again is a strong rounded vertical ridge, two or three times the width of the 
normal riblets of the protoconch. The ornamentation of the nepionic shell be- 
gins abruptly, commonly in the form of spirals and rounded vertical ribs.” It 
is obvious that here Grabau intends to include the above mentioned varix in 
the protoconch. 

Kesteven (1905a, p. 320) notes that the protoconch may be formed during one 
cr all of four early growth stages. He continues: “An ideal protoconch would, 
in my conception, be composed of—(1) the plug of the primitive shell-gland, 
(2) a portion formed by the veliger, (3) a portion formed during the nepionic 
stage, and finally (4) a portion formed during early neanic stages.” Kesteven 
regards fhe term “protoconch” as a “redundant misnomer” but justifies its re- 
tention in the following words: ‘The term has been in the past, and is here, 
used to designate those few apical whoris which differ markedly either in con- 
tour or sculpture, or both, from the succeeding structure, which latter I have, 
for want of a better term, designated ‘adult structure.’ In the above sense the 
term ‘protoconch’ is certainly useful,’ etc. This last is a definition of the term 
protoconch on a utility basis. 

Kesteven (1905b, p. 184) notes that the protoconch, as almost universally in- 
terpreted, “consists of an indefinite number of the apical whorls of a Gastropod 
shell, irrespective of whether these apical whorls are the first shell or nct.” The 
discussion of the term protoconch is then continued by Kesteven in the follow- 
ing words: ‘Moreover the term is a useiul one; it is here used in the above 
broad sense, namely, to include those apical whorls, disregarding their age, 
which by smoothness, distinctiveness, or size are differentiated from the succeed- 
ing whorls, and thereby indicate that at their conclusion the mollusc entered up- 
on a new and important ontogenetic phase—such, fcr example, as the change 
from veliger to sedentary life, or the emergence from the egg capsule.” 

Woodring (1928, p. 4) in his conception of the gastropod protoconch ap- 
proaches closely that of Kesteven. His paragraph on the subject is as follows: 

“The term ‘nucleus’ used in the description of the gastropods refers to the 
part of the shell from the apex to the beginning of adult sculpture or to a change 
in the texture or color of the shell when sculpture is absent. It embraces the 
whorls formed in the egg case, called ‘embryonic’ whorls by some writers, and 
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also the ‘nepionic’ whorl, or part of a whorl, intervening between the ‘embryonic’ 
and adult whorls, ‘Nucleus’ is an unsatisfactory term and it has been used 
by some writers to refer only to the apical whorl. ‘Protoconch’ is a more sat- 
isfactory term and its use in nautiloids and ammonoids seems to be no 
valid objection to its use in gastropods also. ‘Nucleus’ or ‘nuclear whorls’ is 
adopted because ‘post-nuclear’ is a convenient term for the remaining whorls. 
‘Post-protoconch’ is unwieldy and ‘conch’, the corresponding term in nautiloid and 
ammonoid terminology, is objectionable when applied to gastropods.” 


PROTOCONCH REDEFINED 
The definitions of Kesteven (1g05a, p. 320; Ig05b, p. 184) can be applied 
equally well to fossils or to Recent shells which are complete but whose life his- 
tory is unknown. In the present paper Kesteven’s definitions are adopted with 
some slight modification as follows: 
PROTOCONCH OF GASTROPODS 
The term protoconch is here used to designate those apical whorls of the gas- 
tropod shell, usually few in number, which differ in contour, or sculpture, or at- 
titude from the succeeding and more or less adult whorls. These later or suc- 
ceeding whorls have been usually called conch whorls and will be so designated 
in this paper. 
It is fully realized that this conception of the term protoconch may meet the 
disapproval of the embryologist and student of life history. When, however, this 
life history is unknown, or, at best, inferred, tangible criteria appear to be desirable. 


VALUE OF THE PROTOCONCH IN CLASSIFICATION 


The value of the gastropod protoconch as a means of classification has been 
much debated. Two quite different views have been expressed on this question. 
According to one the protoconch is an important factor, perhaps the most im- 
portant factor, in determining the relationships of the gastropod shell. The other 
view denies this either wholly or in part. 

Examples of the former of these conflicting opinions will now be given. 

Grabau (1902, p. 922) makes the following statement: “Thus, while the initial 
whorl of the protoconch does not differ widely, except in size, in the majority of 
gastropods, indicating the characters of the more distal radicle of the class,—i. e., 
the naticoid ancestor,—the whole character of the protoconch must be considered 
in the determination of the more immediate relationships. Therefore, I believe it is 
not too much to say that the protoconchs of all the species within a given genus 
should agree as to their essential characteristics, and that no species can be con- 
sidered congeneric in which the protoconchs show a radical difference.” The same 
author two years later (Grabau, 1904, pp. I, 2) says that—“In determining genetic 
boundaries, the most important shell feature is the protoconch. The genus should 
represent a phyletic series, in which all the members (species and varieties) are 
descended from each other or from a common ancestor within the genus.” In 
this 1904 paper Grabau gives excellent evidence to show that the protoconch is 
quite uniform within the genus Fusinus (“Fusus”’). This, however, does not 
prove that it is uniform in every genus. 
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Iredale (1911, pp. 320, 321) argues for the value of the gastropod “apex” in 
generic assignment and endorses Grabau’s views of 1902 concerning the value 
of the protoconch in classification. Iredale apparently uses ‘apex’? and “‘proto- 
conch” as synonymous terms. 

The value of the gastropod protoconch in classification is further maintained 
by Grabau (1912, pp. 762, 763) in the following statement. 

“On the hypothesis defended by Boettger, Cossmann, and others that the proto- 
conch is variable even within the genus to the extent that an entirely different 
type cf protoconch may be developed, it is absolutely incomprehensible why the 
Fusus type of protoconch should be maintained in its essential unity in a variety 
of related genera, and be replaced by a wholly different type in some supposed 
species of Fusus itself.” Examples of such supposed species are then mentioned. 

Grabau’s next paragraph (1912, p. 763) will now be quoted. 

“The foregoing considerations lead to the inevitable conclusion that the proto- 
conch of Gastropods has a very important phylogenetic significance, in that it pre- 
serves intact inherited characteristics, instead of being merely a product of local 
environmental conditions. The gastropod protoconch is therefore a true guide to 
phyletic relationship, and it becomes invaluable for the determination of the larger 
taxonomic divisions. It follows, as a natural corollary, that smaller divisions, 
such as genera, must have all their species agree in the type of protoconch, and 
that in consequence the protoconch becomes the primary guide in the determina- 
tion of genera, and, conversely, no genus can have species with different types of 
protoconch, although variation within the type may be considerable. The proto- 
conch is often more reliable than the adult shell characters, as illustrated by the 
so-called Eocenic fusoid shells above referred to.” 

A much more recent advocacy of the value of the gastropod protoconch in 
classification has been put forward by Finlay (1931, p. 9) who says “it would be 
absurd to say that all species which agreed in type of apex were congeneric. But 
I would definitely say that species which do not agree in type of apex cannot be 
congeneric.” The same author (1931, p. 19) further says “I am fully satisfied, in 
spite of what several authors have written, that the protoconch is one of the most 
valuable criteria for systematic classification. Not only have I never found it 
to vary from type in a homogeneous genus, but I have also found it so generally 
constant that in my opinion considerable importance must be placed on it in de- 
termining lineage relationships.” 

Some of the arguments in favor of a high classificatory value for the gastropod 
protoconch have now been given and it is therefore in order to review some of the 
opinions which deny this value either wholly or in part. 

An early, if somewhat guarded, challenge is to be found in the writings of 
Kesteven (1905a, pp. 333, 334) who says: 

“Really critical differences between two protoconchs would be—(1) two ab- 
solutely different types of sculpture, which were not merely the first appearance 
of the adult sculpture, whether accompanied or not by differences of contour; (2) 
the presence in one and absence from the other of some such bizarre feature as the 
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sinuation and claw-like processes of Purpura protoconchs; and (3) a completely 
difierent axis of coiling in the two, as between Triphora and Turbonilla, Such, 
however, will most probably be found to be correlated with differences, of equal 
or greater importance, in shell or anatomy. 

“The conclusions of this section are that the protoconch is to be used in con- 
junction with other features, and that only where the other features, anatomic or 
conchological, are negative or unknown is it to be used in deciding a systematic 
position or generic segregation. It will often be found useful as an indicator of 
deeper seated differential characters otherwise unsuspected.” 

Cossmann (1906, p. 225) reviews and criticizes Grabau’s Fusus (Fusinus) 
paper of 1904 and says: 

“L’introduction de ce Mémoir pose d’abord en principe que la protoconque d'un 
Gastropode est le critézium le plus sir pour l'étude phylegénctique des Genres 
d'une méme Famille: deux espéces de Gastropodes, dit-il, dans lesquelles les 
caractéres adultes sont semblables, tandis que leurs caractéres primitifs sont 
dissemblables, sont moins voisines que deux autres coquilles dont les proto- 
conques sont identiques, tandis que leurs derniers tours difierent. 

“Cette assertion peut étre trés juste dans quelques cas particuliers; mais si 
Von en fait, comme 1’a essayé M. Grabau le pivot de toute une classification, on 
arrive a des résultats inadmissibles, comme cela se produit toutes les fois qu’un 
auteur n’a qu’un seul critérium comme objectii. Ainsi, dans les cas des 
Fusid@, cette théorie exclusive amene M. Grabau a négliger complétement les 
caractéres de l’ouverture, essentiels cependant chez un Gastropode!” 

Smith (19074, p. 194) came to the conclusion that the importance of the “prote- 
conch” as a means of generic discrimination had been greatly exaggerated. The 
same author (1907b, p. 219) after a study of some Recent and fossil Pyrulas 
(Ficus) agrees in substance with Kesteven (1905a, p. 334). <A further study of 
Athleta (Smith, 1907c, p. 242) leads to a somewhat similar result and quite at 
variance with the view expressed by Grabau (1902, p. 922) that “the smaller 
the taxonomic group, the more nearly identical must be the earlier stages, since in 
a small group the members have not become widely separated from their common 
ancestor.” 

Kesteven (1912, p. 59) in a later paper reaffirms his earlier views in the follow - 
ing words: 

“Tf it be found that any given feature has been so little affected by the phy- 
logenetic history of the organisms possessing it, that it fails to show modifications 
corresponding to the major groups into which those organisms are divisible; and 
if, further, it be shown that this character is plastic to its environment, that feature 
is surely hardly trustworthy as a guide to the division of the major into minor 
groups. Such a feature as this is the Gastropod Protoconch.”” The same author 
discusses the Sinusigera apex on a later page (1912, p. 63) and says of it: “Here 
then is an exceedingly characteristic Protoconch, such as one was justified in ex- 
pecting to prove taxonomically significant, but not only is it not present in all the 
members of any one genus, but occurs sporadically in at least four genera dis- 
tributed ever three families. one of which falls within the Taenioglossa, and two in 
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the Rachiglossa, and of these latter one belongs to the subdivision Glossophora 
and one to the Aglossa. 

“Tt may be used neither to correlate nor to segregate.” 

Strong argument against the value of the gastropod protoconch in classification 
is contained in one of Dall’s later papers (Dall, 1924, p. 178). He says: 

“In common with most students of the mollusca for some years I have regarded 
the nucleus characters as more or less indicative of genetic affinity, but recently 
having had to work over large numbers of deep water species, especially toxo- 
glossate forms, and to utilize Hedley’s fine monograph of the Australian Turridae, 
I have found this view to involve so many apparently preposterous combinations 
of unlike things and separation of similar things, that I have come to the cenclu- 
sion that this view cannot be maintained.” 

DIFFERENT TYPES OF PROTOCONCH 

What constitutes a “type” of protoconch must now be considered and also what 
constitutes a difference—essential, radical, or otherwise. Kesteven’s conception of 
“critical difference s” in protoconchs (Kesteven, 1905a, pp. 333, 334) has already 
been quoted in this paper. In brief his critical differences are in sculpture, in 
presence or absence of bizarre features, and in axis of coiling. These differences 
are important and others can be safely added. In fact the present writer feels 
that almost any differences among protoconchs should be regarded as essential. 
This will be more fully discussed under the variations found in genera or other 
natural groups. 

DIFFERENCES IN SIZE 

This has been regarded as generally not constituting a radical difference (Ire- 
dale, 1911, p. 321). However, any marked difference in size, let us say an increase 
in size, is usually brought about by enlargement of the initial whorl or by increase 
in the number of whorls. In either case shape and proportions are decidedly 
affected and the type of protoconch is changed. Should both of the above factors 
operate the resulting differences would be more marked still. 

DIFYERENCES IN COMPOSITION 

Some protoconchs are wholly or predominately shelly or calcareous through- 
out. Others have an early portion which is horny and usually lost and a later 
portion which is shelly and capped by a more or less pointed septum which sep- 
arated the horny from the calcareous part (Dall, 1889, pp. 452, 453; 1890, pp. 
67, 68). 

DIFFERENCES IN SHAPE 

Dall (1890, pp. 66, 67) discusses “several forms of the shelly nucleus” in the 
volutes. He recognizes a Trochiform Nucleus, a Planorboid Nucleus, a Pupiform 
Nucleus, a Bulbous Nucleus, and a Melo Nucleus among the shelly protoconchs. 
In the volutes possessed of an early horny portion of the protoconch Dall (1890, 
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pp- 67, 68, 79) recognized a Caricella Nucleus, a Scaphella Nucleus, and a Cymba 
Nucleus. These three terms Caricella, Scaphella, and Cymba are descriptive only 
of the calcareous or shelly portion of the protoconch and indicate its appearance 
after the horny portion has been shed. 

In a much later paper Dall (1924, pp. 178, 179) adds other types of nucleus to 
those he had already named. They are the Sinusigera Nucleus, Tonna Nucleus, 
and Triton Nucleus apparently all uncalcified. 

A still later grouping of gastropod protoconchs has been made by Finlay (1931, 
pp. 8,9). His first kind is not named but it seems to correspond approximately 
to Dall’s Tonna Nucleus. His second group is not named but is stated to be 
polygyrate and turbinate. Finlay’s third and fourth groups are stated to be pauci- 
spiral. One he calls Scaphelloid and gives as an example the apex of Voluta 
junonia, It therefore becomes a synonym for Dall’s Scaphella Nucleus. Finlay 
calls his last group “fusid” and it is presumably an approximation to the Fusinus 
(“Fusus”) type of protoconch described by Grabau (1904, pp. 8, 9). 


PROTOCONCH UNIFORMITY AND VARIATION IN NATURAL GROUPS 

Baker (1897, pp. 685, 686) recognized many years ago that the “apex” in some 
genera is characterized by uniformity, in other genera by variation. He wrote: 
“There are some 15,000 species of gastropodous mollusks of which but a few 
hundred have been examined for the apex, so that much work must be done before 
conclusions can be made. In some groups the apex variation seems to be of spe- 
cific value (Oliva, Voluta) while in others almost no variation exists (Natica, 
Litorina, Neritina).” 


GENERA WITH RELATIVELY UNIFORM PROTOCONCHS 


Genera and perhaps larger groups may show species with relatively uniform 
protoconchs. Whether or not this is the prevailing condition for most natural 
groups of gastropods the writer is not prepared to say but probably many such 
cases could be found if a detailed study were undertaken. For present purposes, 
however, it is believed sufficient to call attention to two good examples of relative 
protoconch uniformity within the genus. 

FUSINUS 

Grabau( 1904, pp. 8, 9) presents strong evidence in favor of a general uniformi- 
ty of protoconch characters throughout the genus Fusinus. Under the heading 
“The Protoconch of Fusus” he says: 

“The protoconch generally consists of one and a half volutions, but may be 
somewhat shorter or longer......... The first whorl is smooth, obliquely erect, 
and rather prominent, the apical end convex and large. The diameter just below 
the apex is but slightly less than that at the end of the first volution. The enlarge- 
ment of the remaining portion of the protoconch is also very slight, the shell thus 
having the appearance of having a swollen or apical whorl. The last half of the 
protoconch is marked by fine vertical riblets, which are either closely crowded or 
separated by interspaces having from two to three times the width of the riblets.” 
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The same writer (Grabau, 1904, pl. XVII, fig. 1 and p. 21) figures the proto- 
conch and early conch whorls of Fusus twrriculus Wiener and says: “The proto- 
conch of this species represents the typical Fusus protoconch. The whole proto- 
conch comprises about one and one half volutions, of which the first is smooth, 
and the other half furnished with faint crowded, vertical riblets, which become 
stronger towards the end. A strong, smooth varix marks the end of the proto- 
conch.” 

Grabau (1904, p. 25) describes the protoconch of Fusinus colus (Linné) in the 
following words: 

“The protoconch of this species has been observed in only one specimen, all the 
others being imperfect. In that specimen it partakes of the brown color of the 
other apical whorls, but is perfectly smooth for the first volution. The remain- 
ing half volution of the protoconch is ornamented by fine smooth vertical riblets, 
about fifteen in number. The protoconch ends abruptly with a strong varix.” 

Fusinus colus is the genotype of Fusinus and the charecters of its preteconch 
must therefore furnish the standard of comparison for the protoconchs of other 
species of the genus. 

The uniformity of the Fusinus protoconch is, however, relative and not absolute 
for differences have been shown to exist in the protoconchs of Fusinus bifrons 
(Sturany) and F. paucicostata (Sturany) (Sturany, 1904, pp. 220, 221, pl. 1, 
figs. 1a, 2a, 3a, 3b, 4a, 4b, 4c). 

Grabau (1907, p. 625) meets this difficulty in the following words: 

“Referring again to the Red Sea shells cited by Sturany,........ we note on 
reference to Sturany’s illustrations that the difference between the protoconchs of 
F. bifrons, and F. paucicosta is one of degree and not of kind. Both protoconchs 
are of the same type, the true Fusus type; but that of F. paucicosta has a some- 
what larger initial whorl. This species is a highly accelerated type, as compared 
with F.bifrons, and hence it is not surprising to find the protoconch partaking of 
this acceleration. Besides the initial larger whorl, the number of whorls appears 
to be less than in F. bifrons where 1144 smooth volutions, followed by a delicately 
ribbed portion constitute the protoconch.” 


One may infer from Dall’s observations (Dall, 1918, pp. 207, 208) that differ- 
ences exist among the larval Busycons of the egg capsule. The works of Mans- 
field (1937, p. 119) and of Gardner (1944, pp. 449-458) indicate that there is 
some variation in the Busycon protoconch. However, the genus in general seems 
to present a rather uniform series of protoconchs. The smooth and rounded stage 
is usually restricted to the first three-quarters of whorl 1. More rarely it occupies 
the entire whorl. The next stage is sculptured and persists for about a quarter 
of a whorl. It starts with simple axial ribs alone or with ribs and spirals on a 
rounded whorl and this part of the stage may be the correlate of the riblet stage 
of the Fusinus protoconch. The remainder of this first sculptured stage in Busy- 
con seems to be usually, if not always, transitional into the noded and angulated 
stage of the conch. As a rule in Busycon end of protoconch and beginning of 
conch cannot be determined exactly. Possible exceptions to this condition will be 


noted on a later page. 
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Having given these exmples of relative uniformity in the protoconchs of natural 
groups it is now proposed to inquire into cases in which this uniformity is not 
present. 


DIFFERENT TYPES OF PROTOCONCH WITHIN THE GENUS OR NATURAL GROUP 

In taking up this subject one is immediately confronted with two difficulties. 
What constitutes a difference in protoconch type? What constitutes a genus? 
There is, of course, no perfect answer to either question but the attempt will now 
be made to reach at least an approximation to a logical treatment of the subject. 

Considering the first difficulty the present writer believes that a good case has 
been made for uniformity of protoconch characters in Fusinus. However, as al- 
ready noted, this uniformity is relative and not absolute. The following quota- 
tion (Grabau, 1907, p. 630) will bring out this point: 

“Finally I may again call attention to the fact that I have described in detail 
the variation in the protoconchs of Fusus and that I have readily admitted the 
possibility of the existence of larger and smaller initial whorls, of an increase or 
decrease in the number of whorls in the protoconch, and of the variation in the 
number of riblets on the protoconch. In fact I have illustrated such variations but 
I am not ready to admit that there is ever a difference of type in the protoconch 
in what can otherwise be referred to the same genus.” 

Difference in size of initial whorl, variation in number of whorls, and variation 
in number of riblets are therefore not considered by Grabau as falling within 
differences in the type of protoconch. For the convenience of other workers it is 
much to be regretted that this author did not follow his statement on these points 
with a list of those differences which he regarded as constituting differences in 
type for a protoconch. If size, whorl number, and sculpture are unimportant 
features it seems that one may well ask what are important features? The answer 
can perhaps be found in some of Grabau’s illustrations. Three examples will suf- 
fice. Fusus meyeri Aldrich was made by Grabau the type of a new genus— 
Falsifusus (Grabau, 1904, pp. 80-82, fig. 4; pl. XVII, fig. 9). The figure 9 of 
plate XVII shows the “apical whorls” of this species, Probably three of these 
whorls should be assigned to the protoconch and two of them to the conch. The 
protoconch whorls show the smooth and curved-rib stages and are quite different 
in proportions, number, and sculpture from those of the protoconch of Fustnus 
(cf. Grabau, 1904, pl. XVII, fig. 1). Other protoconchs quite different from the 
Fusinus type are those of Levifusus trabeatus Conrad and Latirofusus? inter- 
striatus (Heilprin) (Grabau, 1904, pl. XVII, figs. 7, 8). 

The present writer has already stated the belief that almost any difference be- 
tween protoconchs is an essential one. However, it is net claimed that all differ- 
ences are of equal value. Slight differences in the sizes of initial whorls may per- 
haps be of little importance but such are none the less worth recording. Small 
Cifferences in the number of smooth whorls may be in the same category and 
perhaps also differences in the number of riblets or curved ribs. On the other 
hand, the following differences can hardly be dismissed as unimportant: (1) 
very minute as against very large initial whorls, (2) a smooth stage of one whorl 

as against a smooth stage of two, three, or four whorls, (3) marked differences 
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in the length of the riblet or curved-rib stage, (4) differences in proportion of 
the length of the smooth and sculptured stages, (5) differences in sculpture, (6) 
differences in shape or contour, (7) differences in attitude, (S) differences in 
the axis of coiling, (9) differences in the direction cf coiling, (10) presence or 
absence of marginal sinuations, (11) differences in composition with or without 
resulting differences in shape due to loss of horny portion. 

In connection with this last item (11) it may be said that the caicareous cast 
or filling of a horny protoconch (not the calcified axis) is treated as a protoconch, 
or as part of the protoconch, for it gives not only interior size and shape but also 
shows the number of whorls as well as did the shell which it filled. 

The next question is what constitutes a genus or natural group of genera? An 
answer on this point can never be final. Many “genera” are rather surely poly- 
phyletic and are not natural groups. On the other hand, there are genera or sec- 
tions of genera and groups of genera which seem to be natural groups. At least 
on a balancing of probabilities such would seem to be the case. Two outstand- 
ing examples falling under this second category are furnished by that section 
of the genus Ficits with rounded whorls and long anterior canal and the genus 
Conus, or, if one prefers, the cones as a group. 

It may always be argued that each of these genera, sections, or groups merely 
represents an assemblage of unrelated species, more or less alike in adult shell 
characters, but of various lines of descent. Such an argument can never be whol- 
ly disproved. When different types of protoconch are found in such an assemblage 
one school of workers holds that on this account the group should be divided 
into distinct genera or even larger units. 

The present writer believes that in very homogeneous and restricted groups 
the adult shell characters should govern in making a decision but it must be 
stressed that this applies only to groups in which the homogeneity is obvious. 

The problem is aptly summed up by Dall. A quotation from his paper (Dall, 
1924, p. 178) has already been given under the discussion of the value of the 
protoconch in classification. This particular quotation need not be repeated in 
full here. It is sufficient to say that Dall considers dependence on the nucleus 
(protoconch) for determining genetic affinity results in “many apparently pre- 
postercus combinations of unlike things and separation of similar things,” etc. On 
another later page (Dall, 1924, p. 180) the same author says further: 

“When two marine forms of similar anatomical structure exhibit different 
nuclei, I conclude that the adaptive modification is not of serious value in classi- 
fication, and in most cases should not be considered as of more than sectional 
or subgeneric importance. The parallel occurrence of similar nuclei in widely 
different groups of families is obviously no indication of genetic affinity.” 

Kesteven (1902, p. 459, figs., pl. XVII) appears to be the first author to 
emphasize protoconch differences within a genus (Lotortum) but earlier and more 
or less incidental mention of such differences can be found (Jeffreys, 1867, pp. 
333, 335, 338; Baker, 1897, pp. 685, 686). 

The present writer proposes to give a few published examples of protoconch 
differences within the genus or natural group. 
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PROTOCONCH DIFFERENCES IN THE ROUND-WHORLED SPECIES OF FICUS 


There are but 18 species and subspecies of Ficus known in the Recent fauna 
(Clench, 1942). The Recent and fossil species of Ficus with rounded whorls 
constitute a small and homogeneous group. The adjective “homogeneous” 
might still be used if the angulated Eocene species were included. However, 
it is deemed best to exclude these in order to deal with a group whose mono- 
phyletic nature seems beyond doubt. Certainly the burden of proof rests with 
any one who contends that the similarities in the adult shells of the rounded 
species of Ficus are the result of parallelism. The group is so uniform in adult 
shell characters and so different from any other genus that the probabilities for 
homogeneity are overwhelming, It is realized that these arguments will prob- 
ably prove insufficient to convince the believer in protoconch infallibility but in 
any case the protoconch differences within the group will now be taken up. 

In the genus Ficus, as here restricted, the term protoconch should probably be 
applied only to the first or smooth and rounded stage. The sculptured stage of 
spirals and axial ribs, cancellated or reticulated stage, is assigned to the conch. 
it has been shown (Smith, 1907b) that protoconchs in the eastern American 
members of this group may run from about three whorls in the Vicksburg Ficus 
mississippiensis Conrad (Pl. 1, fig. 4) down to about one whorl in the Recent 
F. papyratius (Say) (Pl. 1, fig. 1). The three-whorled condition is believed to 
be the more primitive. In general the pre-Pliocene species show protoconchs of 
14% or more whorls, though one species exhibits a protoconch of but one whorl. 
Pliocene individuals of Ficus papyratius show slightly more than one whorl for 
the protoconch (Pl. 1, fig. 2). Reduction in number of whorls usually goes 
hand in hand with increase in the size of the initial whorl. The largest initial 
whorls may be tilted. For Recent Indo-Pacific species the protoconchs exam- 
ined run from two whorls down to half a whorl in length. However, the pro- 
toconchs of from I 2/3 to two whorls seem to be the prevalent ones in this re- 
gion (PI. 1, figs. 6-8). It is of interest to note that most Recent Indo-Pacific 
protoconchs are very like most Atlantic and Caribbean Eocene, Oligocene, and 
Miocene protoconchs (PI. 1, figs. 3-8). 

t may be argued that these protoconch variations in the round-whorled spe- 
cies of Ficus represent differences of degree but not of kind. However, the dif- 
ference between a protoconch with three whorls and another with one whorl 
can hardly be dismissed so lightly. When such reduction in number of whorls 
is accompanied by increase in the size of the initial whorl and perhaps by tilting 
there seems little justification for regarding the differences as unimportant. 

It is possible that some Ficus “protoconchs” are in reality calcareous casts 
or fillings of originally horny structures. Even if this be so, the present writer 
does not consider that the proof of protoconch differences within the group is 
negatived thereby in any way. As already stated such casts show differences in 
size and shape of protoconch interiors as well as differences in the number of 
whorls. 
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PROTOCCNCE DIFFERENCES IN CONUS 


If it is acknowledged that Conus is a genus one must at the same time admit 
that it is a very large genus. Ficus is insignificant by comparison. Conus is 
rather surely less homogeneous than Ficus but the naturalness of the group can 


of closely related forms. Minor differences in shell characters do, of course, 
occur but in general the shells of the numerous species of Cows are so remark- 
ably alike and so different from anything else that genetic affinity becemes a 
virtually certain matter. 

That there is not a little variation in the Conus protoconch was demonstrated 
long ago by George F. Harris (1807, pl. 2, figs. 2a, 2b, 3c, 3d, 4a, 4b, 5c, 5d, 6a, 
6b, 7a, 7b, 8a, Sb, 9a, 9b). His figures show that in the protoconchs of eight 
species of Conus there is present much more difference than uniformity. There 
are variations of shape, size, size of initial whorl, number of smooth whorls, and 
attitude. 

Several different types of apex have been found in Recent and late Tertiary 
cones from the southeastern United States (Smith, 1931, pp. 279-288, figs.). The 
protoconch is here treated as part of the “apex” and to it are now assigned the 
smooth and rounded stage and the curved-rib stage. The latter stage is absent 
in Conus waccamawensis Smith (PI. 1, fig. 9) but present in C. floridanus Gabb 
(Pl. 1, fig. 10), C. stearnsii Conrad (PI. 1, fig. 11), and, in a modified form, 
in C. diluzianus Green (Pl. 1, figs. 12, 13). The smooth stage may run from 
about one to 1 1/4 whorls in Conus floridanus, somewhat over one to perhaps 
neatly 1144 whorls in C. stearnsii. The very tip of the protoconch was not found 
in C. dilwianus and C. waccamawensis. However, the protoconch in the for- 
mer probably had three smooth whorls to which must be added a riblet or curved- 
rib stage of about 4 whorl. In C. waccamawensis the smooth stage is still 
longer. It cannot have less than three and may run as high as 444 whorls. 
For this small number of species then there are found in the protoconch differ- 
ences in size, differences in shape, differences in number of smooth whorls, and 
presence or absence of a curverl-rib stage. The protoconch of the sinistral Conus 
adversarius Conrad (PI. 1, figs. 14-16) has from 114 to 1144 smooth and round- 
ed whorls (Smith, 1930, pp. 659-663, figs.). The curved-rib stage has not been 
found in this species. 


Tr 
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ie PROTOCONCH DIFFERENCES IN ATHLETA 


Two types of protoconch have been found in American species of the genus 
Athleta (Smith, 1906, figs. 4, 7, and tables; 1907c, figs. 1, 3, 4, 5, and tables). 
The more primitive type has from two to three smooth and‘ rounded whorls 
followed by a curved-rib stage of from 14 to 44 whorl. The initial whorl is 
quite small. This primitive type of protoconch characterizes the races of Athleta 
petrosa (Conrad) occurring in the Eocene of Greggs Landing, Bells Landing, 
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Woods Bluff (Pl. 1, fig. 17), and Claiborne in Alabama. It is also found in 
specimens from Jackson, Mississippi, (Pl. 1, fig. 18) and from localities in 
Texas and Louisiana (FI. 1, fig. 19). The other type of Athleta protoconch 
has a much larger initial whorl, a smooth and rounded stage of one or slightly 
over one whorl, and a condensed curved-rib stage in which the ribs are much 
less curved than usual or even straight. This type of protoconch is found in 
Athleta clayi Smith from St. Maurice, Louisiana, and in A. sayana (Conrad) 
from Claiborne, Alabama (Pl. 1, figs. 20-22). The latter species, though con- 
generic with A. petrosa, differs from it in adult characters, The adult A. clayi, 
on the other hand, is so like the adult A. petrosa that one may argue specific 
identity for the two. In such a case the peculiar protoconch features of A. 
clayi become varietal or even individual characteristics. 
PROTOCONCH DIFHERENCES IN EUCITHAKA He 
Figures given by Hedley (1922, pl. XLVI, figs. 54, 55, 56, 57, 05, 66) show 
that there is great type variation in the protoconchs of Australian Turride. 
However, the turrids are a large group and are perhaps, to a certain degree, 
polyphyletic. The same can hardly be said of all genera inthe family. One 
genus, Eucithara, will suffice as an illustration. FEucithara alacris Hedley is 
shown with a protoconch different from that of E. arenivaga Hedley and mark- 
edly different from the protoconch of E. miriamica Hedley. Judging by the 
figures E. phyllidis Hedley differs decidedly from E. miriamica. The latter ap- 
pears to have a protoconch of several whorls while FE. phyllidis seems to have 
a protoconch of but one large whorl. Comparison of the figures of the adult 
shells in these four species indicates that the first two: are congeneric and that 
all four may be reasonably placed in the same genus or natural group. 
PROTOCONCH DIFFERENCES IN COLUS 
jetireys (1869, vol. V, pl. 86, figs. 1-3) figures adult shells and apices of three 
species of Colus. They are Colus islandicus (Gmelin), C. gracilis (da Costa), 
and C. propinquus Alder, The figures of the adult shells indicate strongly that 
the three species are congeneric. Furthermore the odontophores of Colus 
islandicus, C. gracilis, and C. propinquus are similar (Jeffreys, 1867, vol. IV, 
p. 323). On the other hand, the figures of the apices show a very large, “swol- 
len” and tilted, initial whorl in Colus islandicus, a moderately large but not 
bizarre initial whorl in C. gracilis, and a small and normal initial whorl in C. 
propinquus. The interesting nature of such differences did not escape Jeffreys 
for he says of Colus islandicus “apex stiliform, and exhibiting a prominent bul- 
bous point, which is broader than the first regular whorl’: etc., (1867, vol. 
IV, p. 333). Of C. gracilis he says “apex irregularly mammiform, and twisted 
in front, but not prominent or forming a bulbous point as in the last species’: 
etc. (1867, vol. IV, p. 335). For C. propinquus we have “apex blunt, but regu- 
larly spiral and compressed, never mammiform or distorted’: etc. (Jeffreys, 
1867, vol. IV, p. 338). It is believed that these protoconch differences consti- 
tute specific features but the problem is somewhat complicated by evidence 
(Thorson, 1935, pp. 13-17, figs. 6-8) that there is much individual variation in 
the protoconch of Colus islandicus. 
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DIFFERENT TYPES OF PROTOCONCH WITHIN THE SPECIES 


The problems are now, in many ways, like those encountered in dealing with 
the genus. When so doing, the present writer discussed different types of pro- 
toconchs and the opinions there expressed need not be repeated. One can, how- 
ever, call attention again to the possible interpretation of Athleta clayi Smith 
as a variety of Athleta petrosa (Conrad) or even as an individual variant of that 
species. If either interpretation were adopted the A. clayi type of protoconch 
would furnish an example of protoconch variation within the species A. petrosa 
(Pl. 1, figs. 19-21). As with the genus, the problem of what constitutes a spe- 
cies can never be finally settled. This is particularly true for fossils and for 
Recent forms with unknown life history. On the other hand, when the life history 
is known the matter may be much simplified. For instance, larve from the 
same egg capsule, group of capsules, or from capsules of the same kind have 
a virtually certain specific identity. Some quotations and references bearing on 
this will now be given. 

Dall (1890, p. 66) makes the following statement: 

“Tn general, the advance in biologic rank of any group in process of evolu- 
tion is marked, if by any change in the larval conditions, by a decrease in the 
number of embryos and an increase in size of the individual larve. In Purpura 
and Buccinum it has been shown that a diminution ‘of the total number is caused 
by the cannibalism of certain inmates of the same capsule which devour their 
mates, consequently through this extra diet becoming larger and more sturdy 
than the embryos less unscrupulous, but which may also chance to survive. At 
all events, great disparity may be observed in the size and development of larval 
specimens contained in a single capsule and ready to emerge, not only in the 
above-mentioned genera, but more markedly in Chrysodomus and V olutopsis,” 
ete. 

Many years later the same author (Dall, 1918, pp. 207, 208) says: 

“The nuclei or larval shells of species belonging to Chrysodomus and its allies 
present several distinct types and numerous mutations. 

“In many cases, as in Buccinwm and Busycon, it was shown many years ago 
by Lovén and others that a single ovicapsule contains a number of ova fertile 
and unfertile. The unfertile eggs serve as focd for the larvae developed from 
the fertile ones and there is a certain amount of competition between the larvae 
in the capsule which results in the most vigorous larvae getting more food and 
making a larger growth than the more weakly coinhabitants of the capsule. 
Thus at the time of leaving the capsule and coming into the outer world, it some- 
times happens that there will be perceptible differences between the individuals 
issuing from a single capsule, not only in actual size but in the length of the 
coil of whorls and the size and compactness of the larval apex,” 

On an earlier page the present writer has expressed the opinion that there 
is a general protoconch uniformity among the species of Busycon. However, 
it appears from Dall’s statement that this uniformity does not always extend 
to the inhabitants of a single capsule. 


to 
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A further observation by Dall in the same paper (p. 208) is: “I have found 
cases where from the same bunch of capsules one might select bulbous turbinoid, 
or laxly coiled nuclei.” s 

Thorson (1935, pp. 7-13, fig. 2) gives some results of studies on the larve 
(“embryos”) and egg capsules of a species which he designates as Sipho curtus 
(Jeffr.). After calling attention to the relative uniformity of size and whorl 
number for individuals of Buccinum undatum as they emerge from the capsule 
the same author writes as follows: “In Sipho conditions are different. When 
two embryos are found in the same egg-capsule, they are as a rule of equal size. 
Invausingleyicase; however,(@.- 4. - ), the two embryos in one egg-capsule 
were of very different sizes: The developmental stage of the embryo of Sipho 
when it leaves the capsule—in contrast to Buccinwm—varies greatly, which is 
but natural when it is considered that one or two embryos can develop in one 
egg-capsule.” He further says: “It will be seen that examples of capsules with 
both one and two embryos are almost equally common in the small and the big 
capsules. This naturally implies that in a capsule with two embryos each of 
them receives only half the amount of nourishment that is at the disposal of a 
solitary embryo in a capsule of the same size. Now, the available material 
showed that in egg-capsules of the same size the embryos ready to hatch were 
always bigger in capsules containing one than in those with two embryos. 
Hence it appears that the embryos have no definite time of development in the 
capsules nor do they emerge at a certain stage, but they remain in the capsule 
as long as the latter contains any nourishment for them. How long the de- 
velopment will take seems to be determined at a very early stage, since the for- 
mation of liver and shell does not seem to begin until-all the nurse eggs of the 
capsule have been absorbed in the intestine of the embryo. If, therefore, the 
amount of nourishment available for the individual embryo is considerable, and 
the embryo does not begin to differentiate liver and-shell until it has absorbed 
all this nourishment—that is, after it has reached a rather large size—the num- 
ber of embryonic whorls will of course be much larger in such embryos than 
in embryos which have had to compete hard for their nourishment.” Thorson 
notes further that “embryos of this species’ have “always commenced the for- 
mation of the final, sculptured, shell before leaving the egg-capsule.” The term 
“embryonic whorls” he applies to the smooth and unsculptured whorls. The 
sculpture in Sipho curtus may begin at the end of two smooth whorls when the 
nourishment is used up at this stage but, on the other hand, a solitary “embryo” 
in a capsule, having no competitors, may not use up its nourishment until it has 
grown to large size and it may have somewhat over three smooth whorls. 

A still more convincing demonstration of protoconch differences within a spe- 
cies is given by Thorson (1935, pp. 13-17, figs. 6-8) for the form which he 
designates as Sipho tslandicus (Chemn.). Under the name Colus tslandicus 
(Gmelin) (Dall, 1918, pp. 216, 217; Johnson, 1934, p. 124) this species has 
been considered in discussing protoconch differences within the genus Colus. 
Thorson’s figures (Thorson, 1935, figs. 7A, 7D, 7E, 7F) show clearly the dif- 
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ferences in size and whorl] number to be found in the larval shells from egg cap- 
sules. The biggest of these shells, a “solitary” in its capsule, had a length of 
8.5 mm. and “showed three and a half whorls, a little more than half a whorl 
with sculpture.” Judging from some of the figures, this sculpture may begin 
at the end of whorl two or perhaps earlier. The “embryos of one and the same 
egg-capsule” are often of very different sizes, though in other cases they ‘‘seem 
to be of equal size.” Shells of different sizes within a single capsule are fig- 
ured (Thorson, 1935, fig. 6) and give further confirmation, were any needed, 
of the statements in the text. 

In making specific determinations of the larve of the two species just reviewed 
Thorson compared the specimens from egg capsules with apices attached to 
more or less adult shells. The present writer believes that there can be no rea- 
sonable doubt that Thorson was describing protoconch differences within a 
species in each case. His figures give impressive testimony that these differ- 
ences were considerable both in degree and in kind. 

PARTIAL SUMMARY 

The writer has now given a brief review of selections from the literature and 
has discussed the terminology and some of the more fundamental aspects of 
the gastropod protoconch, its value or its lack of value in classification, some of 
its different types, and some of its variations within such natural groups as genera 
and species. No claim can be made that the subject has been treated exhaustive- 
ly. The matter so far put forward is in the nature of an introduction to that 
which follows. The opinion is here expressed that the time has not yet come 
when a broad philosophy can be built upon the gastropod protoconch. Good 
evidence has been presented to show that its characters are relatively uniform 
in some natural groups (Fusinus, Busycon) but equally good evidence has been 
advanced to show that in other natural groups its characters may differ widely 
(Ficus, Conus, Athleta, Eucithara, Colus, Sipho curtus, Colus islandicus). In 
any case the more facts accumulated the nearer to a solution may be the philo- 
sophical problems. From the practical standpoint in paleontology the specific 
identity of any protoconch or other small shell becomes of possible value as a 
clew to the presence of some important index fossil in a small sample. 

It is now proposed to give short descriptions of a number of available proto- 
conchs. Some of these apparently have not as yet been figured and others have 
not been adequately figured. 


PART II.—SOME PROTOCONCHS IN BUSYCON, FASCIOLARIA, AND 
PLICIFUSUS 
METHOD OF WHORL COUNTING 
Before taking up the protoconch and its relations with the early conch in any 
of these forms it is necessary to explain the method of whorl counting used in 
this paper. A symmetrically coiled larval stage has been recognized in the 
Gastropoda (Cunningham, 1910, pp. 506, 507; Swinnerton, 1923, pp. 228, 229, 
fig. 169 after Robert and Pelseneer). In it the shell may be imagined as pro- 
vided with an umbilicus on the right side and another on the left. With the 
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subsequent initiation of unsymmetrical coiling one umbilicus becomes conspicu- 
ous in apical view, the other, if still retained, in basal view. The expression 
“apical umbilicus” is here used for an umbilicus well displayed in apical view, 
the term “basal umbilicus” for an umbilicus conspicuous in basal view. These 
two terms are used purely in a descriptive sense and carry no implications that 
the apical or basal umbilicus in a dextral shell is the anatomical equivalent of a 
corresponding umbilicus in a sinistral shell. Diagram text figure 1 represents 
the shell in apical view with the apical umbilicus (U) occupying the position as 
shown. The end of whorl 1 is arbitrarily fixed at the position of the dotted 
line V—W. JU, V, and W are thus placed in a straight line on the diagram. 
The shell can be held in such a way that the apical umbilicus occupies a posi- 
tion similar to that of U in the diagram and the end of whorl 1 as here fixed 
can be visualized readily on the shell. The ends of whorls 2, 3, 4, etc., can be 
located on the shell by imagining a line similar to V—W of the diagram pro- 
jected across these later whorls on the shell. This method of whorl counting 
does not allow for flexures or angularities at the aperture and is therefore in- 
accurate to that extent. However, it permits of a rapid whorl count which is 
approximately correct especially in the earlier whorls of the gastropod shells 
considered in this paper. 


Sp-le oF 
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DEXTRAL SINISTRAL 


Diagram Text Figure I 
THE PROTOCONCH OF BUSYCON 

In Recent forms knowledge of the protoconch is usually derived from young 
individuals which have been removed from the egg capsules. These were 
known at an early date (Ellis, 1755, pl. XX XIII, figs. a, a’, a?) but little atten- 
tion has been paid to them. Apices of the larger specimens of Busycon have been 
similarly neglected. Baker has briefly described and figured the protoconchs 
of three species of Busycon. These are “Fulgur perversus Linné,” Busycon 
canaliculatum (Linné), and B. pyrum (Dillwyn) (Baker, 1897, pp. 693, 694, pl. 
19, figs. 27-31). Unfortunately Baker’s figures lack detail and little can be 
learned from them, Cossmann figures the protoconch of “Fulgur pirum Dillw.” 
(1001, p. 77, fig. 24) but here again the figure is not sufficiently detailed. 
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Grabau (1903, pp. 516-519, figs. I, 2, 4; 1912, pp. 754-756, figs. I-10) fig- 
ures the protoconch in Recent individuals of Busycon canaliculatum (Linné) 
and describes it in some detail. Shells from the egg capsule of B. carica (Gmelin) 
are also figured with brief description (Grabau, 1903, pp. 516-519, fig. 3). The 
same author (1903, p. 520) mentions early stages of ‘“Sycotypus pyrus” but 
presents no figure, In the same paper a sinistral Busycon from the egg capsule 
is figured and referred to “Fulgur perversum” (1903, p. 533, fig. 17). In this 
paper Grabau gives no figures of the protoconch in fossil examples of the genus 
Busycon but his figures and description of the young stages of Recent Busycon 
canaliculatum furnish points of interest which will now be briefly noted. 

According to Grabau (1903, pp. 516, 517) the velum is present on the indi- 
vidual in the egg capsule but “is dropped just before the animal emerges from 
the capsule, and after the shell is already well developed.” At an “early stage 
the shell is also umbilicated, and since there is no anterior canaliculation as 
yet, this stage has the characteristics of a Natica shell.’ However, a figure 
published in a later paper (Grabau, 1912, fig. 10) indicates that the anterior 
canal begins to grow before the basal umbilicus has become completely ob- 
scured. 

In fossil Busycons the protoconch is commonly missing; when present, its. 
preservation is apt to be poor. The well-preserved protoconchs which do occur 
among the fossils seem to have attracted little attention in the past but re- 
cently Gardner (1944, p. 453, pl. 50, figs. 1, 2) has described and given inter- 
esting figures of the protoconch in Busycon montforti Aldrich from the Alum 
Bluff group (middle Miocene) of Florida. 

As previously noted the protoconch of Busycon is relatively uniform through- 
out the genus. It begins with a smooth and rounded stage usually of about 
three-quarters of a whorl but sometimes persisting to the end of whorl 1, The 
smooth and rounded stage is followed by a sculptured stage of about one-quar- 
ter of a whorl. This sculpture at first consists of axial ribs or riblets alone 
or of ribs and spirals on a rounded whorl. There is soon, however, a rather 
rapid transition into an angulated whorl with “concentration” of the ribs on 
the angle and their degeneration above and below it. This quarter whorl of 
youthful sculpture would appear to be largely transitional between the proto- 
conch and the noded and angulated stage of the conch. In most cases one 
cannot say where protoconch ends and conch begins. 

PROTOCONCH IN BUSYCON CONTRARIUM 

The left-handed or sinistral Busycons whose protoconchs are noted in this 
paper are treated as referable to Busycon contravium (Conrad) (Conrad, 1840, 
p- 387; 1861, republication of 1893, p. 81, pl. 45, fig. 11). The specific name 
“contrartum”’ may eventually become restricted to Miocene and perhaps also 
to Pliocene forms. However, pending a critical study of all sinistral Busycons 
it is deemed best to employ Conrad’s term for left-handers not assignable to the 
true Busycon perversum (Linné) (Smith, 1939, pp. 23-26, pl. 7, figs. 1, 2). 

The type locality for Busycon contrarium is at the Natural Well, southwest 
of Magnolia, Duplin County, North Carolina (Dall and Harris, 1892, pp. 72, 
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73; Miller, 1912, p. 241). The species is quite abundant in the upper or brown- 
ish marl of the Duplin Miocene at this locality. The protoconch is not infre- 
quently present in specimens from the brownish mari but is usually weathered 
to such an extent that details are obscured. However, this very weathering 
serves to emphasize an occasional feature not shown by most Busycons. The 
feature in question is a sharp line, diagonal and sunken, which is seen late in 
whorl 1 or early in whorl 2. A line much like this marks the end of the proto- 
conch in some gastropods. In the Natural Well specimens under consideration 
this line in one case seems to precede the earliest sculpture. 

Figure 1 of Plate 2 depicts the apical whorls of a Natural Well specimen 
(Smith Collection, 718, Pal. Research Inst., No. 20054) with a sharp diagonal 
sunken line in the last quarter of whorl 1. The shell which precedes it is 
smooth and rounded and rather well preserved. The shell which immediately 
follows the diagonal line is rounded and probably was ornamented with simple 
axial riblets. These cannot be certainly recognized here as the shell is weathered 
considerably. However, axial ribs do show ‘before the whorl becomes 
angular and they can be seen as the angulation becomes definite at about the 
end cf the first quarter of whorl 2. In this specimen the evidence points to a 
sudden change in shell growth at the end of a smooth and rounded stage and 
before the appearance of sculpture. Figure 2 of the same plate represents an- 
other individual (Smith Collection, 718, Pal. Research Inst., No. 20055) from 
the same locality and horizon. Here simple axial ribs or riblets follow the 
smooth and rounded stage without the interposing of a sharp sunken line. No 
such line can be identified on this specimen. 

The possibility of abrupt protoconch termination in Busycon contrarium is 
again presented by two individuals (Smith Collection, 702, Pal. Research Inst., 
Nos. 20056, 20057) from the Waccamaw Pliocene of Acme, North Carolina. 
Figure 3 of Plate 2 shows a sharp angulated sunken line very early in whorl 2. 
This line occurs after whorl angulation has developed. The line is preceded 
by faint sculpture and it is followed for a short space by crowded growth lines 
before the typical noded and angulated stage is established. Figure 4 of the 
same plate depicts the apical whorls of another individual from the same local- 
ity and horizon. Here the sunken line comes very early in whorl 2 and is on 
an angulated whorl. In this case, however, the line itself is more curved than 
in the first Acme specimen. It is preceded by definitely curved axial ribs and 
is soon followed by the noded and angulated stage. This particular sunken 
line may represent nothing more than an unusually deep depression among a 
series of axial ribs. On the other hand, this is by no means certain and its 
possible interpretation as a break in shell growth must not be ignored. 

These sharp sunken lines found in examples of Busycon contrarium seem to 
be exceptional features for the species and for the genus Busycon. 

Although proteconchs in the genus Busycon are usually quite uniform in size 
and shape this uniformity is relative and not absolute. An example of vari- 
ability within the species is furnished by two individuals (Smith Collection, 702, 
Pal. Research Inst., Nos. 20057, 20058) of Busycon contrarium from the Wacca- 
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maw Pliocene of Acme, North Carolina, Figure 5 of Pilate 2 gives an outline of 
whorls 1 and 2 in one of these. In this specimen the initial bulb of whorl 1 is nor- 
mal. Figures 6 and 7 of Plate 2 are outlines representing the early whorls of an- 
other Acme individual. Here, however, the initial bulb is not normal but large and 
discordant. 

Figures 8 and 9 of Plate 2 give different views of an immature individual of 
Busycon contrarium from the Waccamaw Pliocene oi Tillys Lake, Horry Coun- 
ty, South Carolina (U. S. Nat. Mus. 371028). The apertural view (fig. 8) 
shows the smooth and rounded stage of the protoconch, the ribbed and spiralled 
stage late in whorl 1 and early in whorl 2, and the noded and angulated stage 
above the aperture. The nonapertural view (fig. 9) shows the apical umbilicus 
and smooth and rounded stage of the protoconch at top and the transition from 
the ribbed and spiralled stage to the noded and angulated conch stage early in 
whorl 2. 

Figures 10, 11, and 12 of Plate 2 represent a Recent individual of Busycon 
contrariwm taken from the egg capsule (Pal. Research Inst., No. 20035). It 
was collected (September 2, 1936) by Katherine V. W. Palmer from the ocean 
beach at Cape Lookout, North Carolina, Figure 10 is an apertural view show- 
ing the initial bulb followed by prominent growth lines. Spirals appear on the 
rounded whorl. The aperture (at about the end of the first quarter of whorl 2) 
shows the shoulder angulation. Figure 11 represents the same individual 
turned clockwise slightly. At top is the initial bulb. Rather strong growth 
lines follow and then spirals appear. Axial ribs and incipient angulation are 
shown at the right. of the figure. The same individual is depicted in nonaper- 
tural view by figure 12. Here the initial bulb shows at the top. Below the 
rounded ribbed stage is seen at the left. Its transition into the noded and angu- 
lated stage of the conch is about accomplished by the first quarter of whorl 2 
(right of figure). 

PROTOCONCH IN BUSYCON CF. FUSIFORME 

An immature individual probably referable to Busycon fusiforme (Conrad) 
(Conrad, 1861, republication of 1893, p. 82, pl. 46, fig. 3; Martin, 1904, pp. 178, 
179, pl. 45, figs. 2, 3a, 3b) is to be found in the collection of the United States 
National Museum (U. S. Nat. Mus. 371029). The specimen is from the St. Mary’s 
Miocene of the St. Mary’s River, Maryland (U. S. G. S. Sta. No. 2252). So far, 
the writer has seen no adult shells of B. fusiforme with the protoconch intact. 
The specific identification of the specimen in question is therefore tentative. 
Figure 13 of Plate 2 depicts this immature individual in apertural view. The 
smooth and rounded first whorl appears above. Whorl 2 shows the beginning 
of spirals and axial ribs. Whorl angulation is marked at the aperture. Figure 
14 gives the nonapertural view of the same individual. At top is the smooth 
and rounded stage of whorl 1. Whorl 2 shows at right the transition from 
ribs and spirals on a rounded whorl into the noded and angulated stage of the 
conch, This latter stage is well established at center and to left. 
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PROTOCONCH IN BUSYCON CORONATUM OR B. RUGOSUM 

Figures 15 and 16 of Plate 2 depict two immature individuals from the St. 
Mary’s Miocene of the St. Mary’s River, Maryland (U.S. Nat. Mus. No. 115307, 
U.S. G. S. Sta. No. 2252). They are believed referable either to Busycon coro- 
natum (Conrad) or to B. rugoswm (Conrad) (Conrad, 1861, republication of 
1893, pp. 82, 83, pl. 46, figs. 1, 4; Conrad, 1868a, p. 267, pl. 24, figs. 1, 4; 
Martin, 1904, pp. 180-182, pl. 46, figs. 1a, Ib, 2a, 2b). Figure 15 of a broken 
immature shell shows the early development of the columella and the begin- 
ning of the sutural channel. Figure 16 is of another individual in nonapertural 
view. Its general proportions and sculpture indicate that it belongs to the chan- 
neled division of Busycon (Sycotypus) (Grabau, 1903, fig. 4) but no attempt 
is here made to decide whether the specimen should be referred to B. coro- 
natum or to B. rugoswm—the two channeled Busycons of the St. Mary’s Mio- 
cene. The smooth and rounded stage is followed by a very short stage of spir- 
als and axial riblets on a rounded whorl. The noded and angulated stage starts 
at about the beginning of whorl 2 and can be seen at the left of the figure. 


PROTOCONCH IN BUSYCON INCILE 


Figures 17 and 18 of Plate 2 are of an immature individual from the York- 
town Miocene, near Yorktown, York River, Virginia (Smith Collection, 739, 
Pal. Research Inst., No. 20059). Shell shape and sculpture indicate that the 
specimen belongs among the channeled Busycons (Sycotypus) (Grabau, 1903, 
fig. 4). As Busycon incile (Conrad) (Conrad, 1868b, pp. 64, 65, pl. 6, fig. 2) 
appears to be the only channeled Busycon from the Yorktown formation of this 
locality (Clark and Miller, 1912, p. 168) the immature individual is assigned 
to that species. Figure 17, the apertural view, shows in whorl 1 the smooth and 
rounded stage followed by a short stage of weak sculpture consisting of axial 
riblets and spirals. At slightly over 144 whorls the aperture is plainly angu- 
lated. Figure 18, the nonapertural view, shows the smooth and rounded stage 
in the upper volution, In the lower volution illustrated (parts of whorls 1 and 
2) the transition from the early sculpture to the noded and angulated stage of 
the conch is seen. This latter stage is definitely established early in whorl 2. 


PROTOCONCH IN BUSYCON PYRUM 


It may eventually become necessary to make a number of species out of the 
Recent and fossil shells which are usually referred to Busycon pyrum (Dillwyn) 
(Dillwyn, 1817, vol. 1, p. 485; Dillwyn (Lister), 1823, pl. 877, fig. 1). The 
term is therefore used broadly here to designate those forms assigned to B. 
pyrum which have a short spire, long anterior canal, and a not too deep sutural 
channel. In such a sense the term would include Recent examples (Gardner, 
1944, pl. 50, fig. 9), B. pyrwm @epynotum (Dall) and probably B. pyrum liber- 
tiense Mansfield but would not include B. pyrum propeincile Mansfield (Mans- 
field, 1930, pl. 8, fig. 6; pl. 10, fig. 3; pl. 9, fig. 5), B. imcile (Conrad) (Conrad, 
1868b, pp. 64, 65, pl. 6, fig. 2), and B. excavatum (Conrad) (Conrad, 1840, 
p. 387; 1861, republication of 1893, p. 82, pl. 45, fig. 12). 
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Figures 19 and 20 of Plate 2 give different side views of the apical whorls 
of a Recent individual of Busycon pyrum from Sanibel Island, Florida (Pal. 
Research Inst., No. 20036), collector Katherine V. W. Palmer. Figure 19 
shows the smooth and rounded stage followed by early sculpture late in whorl 
1. Whorl 2 shows the noded and angulated stage of the conch. Figure 20 is 
of the same individual turned slightly so as to bring to view the passage from 
the early sculpture to the noded and angulated stage. The largest volution il- 
lustrated (parts of whorls 2 and 3) shows the noded and angulated stage of the 
conch. Figure 21 gives an outline of another Recent individual of B. pyrum 
collected by Katherine V. W. Palmer at Sanibel Island, Florida (Pal. Research 
Inst., No. 20037). This outline is introduced for comparison with figure 109. 
It shows a pretoconch with relatively smaller initial bulb. 

PROTOCONCH IN BUSCYON EXCAVATUM 

Figures 22, 23, and 24 of Plate 2 give different views of the apical whorls of an 
individual (Smith Collection, 709, Pal. Research Inst., No. 20061) from the Wac- 
camaw Pliocene of Acme, North Carolina. It is referred to Busycon excavatum 
(Conrad) (Conrad, 1840, p. 387; 1861, republication of 1893, p. 82, pl. 45, 
fig. 12; 1868a, p. 267, pl. 23, fig. 6). In figure 22 is seen the noded and angulated 
stage and the early sculpture of riblets and spirals in whorl 1. This early sculp- 
ture appears first on a rounded whorl but angulation is attained by the end of 
whorl 1. Whorl 2 shows the noded and angulated stage of the conch. In figure 23 
the shell is turned slightly in order to bring to view the passage from the early 
sculpture into the noded and angulated stage. Largest volution illustrated (parts 
of whorls 2 and 3) shows the noded and angulated stage of the conch. Figure 
24 depicts slightly more than the first two whorls in apical view. Smooth and 
rounded stage and early sculpture are seen in whorl 1, noded and angulated stage 
in whorl 2. Beginnings of sutural channel appear toward the end of whorl 2. 

PROTOCONCH IN BUSYCON CF, EXCAVATUM 

Figures 1, 2, and 3 of Plate 3 give different views of the apical whorls of an 
immature individual (Smith Collecticn, 746, Pal. Research Inst., No. 20060) 
which is probably referable to Busycon excavatum (Conrad). It came from the 
bluish beds below the highly fossiliferous brownish marl at the Natural Well, 
southwest of Magnolia, Duplin County, North Carolina (Dall and Harris, 1892, 
pp. 72, 73; Miller, 1912, p. 241). The age is Duplin Miocene. Figure 1 shows 
the smooth and rounded stage followed by the early sculpture of axial riblets and 
spirals late in whorl 1. Whorl 2 shows the noded and angulated stage. In figure 
2 the shell is turned slightly to bring out another view of the passage from the 
early sculpture to the noded and angulated stage. The largest volution illustrated 
(parts of whorls 2 and 3) shows the noded and angulated stage of the conch. 
Figure 3 is an apical view of whorl 1 and almost all of whorl 2. Smooth and 
rounded stage, early sculpture, and neded and angulated stage are shown. 

INTERPRETATIONS 


Protoconch and early conch have now been figured and briefly described or 
noted in some 15 individuals of Busycon. This includes Miocene, Pliocene, and 
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Recent specimens of Busycon contrarium, a Miocene individual probably refer- 
able to a B. fusiforme, two Miocene specimens assignable either to B. coronatum 
or to B. rugosum, a Yorktown Miocene example of B. incile, Recent specimens 
of B. pyrwm, a Pliocene example of B. excavatwm, and a Miocene specimen 
which may be assignable to B. excavatum. 

In only three of these 15 specimens is there evidence of any abrupt halt or 
change in shell growth. This evidence is furnished by the sharp sunken line 
present in one Miocene and two Pliocene examples of Busycon contrarium (PI. 
2, figs. 1, 3, 4). In the Miocene specimen the line comes in the later part of whorl 
I, apparently preceding all sculpture. The lines in the Pliocene examples are 
associated with the early sculpture and precede the typical noded and angulated 
stage. Such irregularity in the position of the lines would seem to rule out their 
interpretation as protoconch terminations. As already noted these sharp sunken 
lines appear to be exceptional features in Busycon contrariwm and in the genus 
Busycon. 

Most of the well-preserved specimens of Busycon, examined so far, show an 
unbroken ontogenetic sequence in going from the first or smooth and rounded 
stage, through the short period of early sculpture, and into the typical noded and 
angulated stage. The first of these changes cannot be described as abrupt while 
the second is clearly transitional. The smooth and rounded stage is obviously 
referable to the protoconch and the typical noded and angulated stage is as surely 
assignable to the conch. The difficulty then is to properly interpret what comes 
between these two stages. The first sculpture to appear on the rounded whorl 
is made up either of axial riblets alone or of these and spirals with the riblets 
dominant, This earliest sculpture on the rounded whorl is believed assignable 
to the proteconch and is regarded as the correlate of the riblet stage of Fusinus 
and the curved-rib stage of Athleta and other forms. The remainder of the early 
sculpture in Busycon consists of shortening axial riblets which “concentrate” on 
a developing shoulder angle and this period of growth cannot be placed in either 
protoconch or conch but must be regarded as a transition from one to the other. 


THE PROTOCONCH OF FASCIOLARIA 

An early comment on the Fasciolaria protoconch is to be found in the work of 
Watson (1886, p. 243). He describes Fasciolaria rutila Watson and adds that 
the species “is an exceptional form, having the apex of a Fusus (a feature shared 
by Fasciolaria coronata, Lam.),” etc. 

Dall figures the apical whorls of Fasciolaria tulipa (Linné) and describes and 
figures those of F. distans Lamarck and F. apicina Dall (1890, pl. 7, fig. 11, 
p. 103; pl. 7, figs. 10, 11b). His statement on F. distans is as follows: 

“in F. distans (recent) the nucleus is smaller than the first whorl, smooth, sub- 
globular, and is followed by a nearly smooth half whorl; then the succeeding coils 
to the number of two are faintly spirally sulcate, with two or three channels behind 
the periphery and ten or fifteen in front of it. The shell soon becomes perfectly 
smooth and remains so, except on the canal.” For F. apicina the following oc- 


curs: 
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“In F. apicina the nucleus is swollen and often larger than the first succeeding 
whorl. The latter is sculptured with numerous equal, distinct, transverse ribs ex- 
tending across the whorl and without spiral sculpture. The spirals appear sud- 
denly in the shape of about five strong, flattish, elevated bands, of which the two 
anterior are shorter than the rest. The transverse ribs become more distant and 
are visible only as the spirals rise and become swollen in passing over them. There 
are about ten to the whorl of these waves or riblets; they are strong at the periph- 
ery, but do not reach the sutures.” It is to be noted that the word “riblets” of 
this quotation is used by Dall for conch features later than the early sculpture 
for which the terms “riblet” and “‘curved-rib” have been used in this paper. 
The apical whorls of a form referred to Fasciolaria apicina will be discussed 
beyond. 

Baker has given brief descriptions of the early whorls in Fasciolarias which 
he assigns to the species “‘tulipa’, “distans’, and “gigantea” ; he also figures the last 
of these (Baker, 1897, p. 693, pl. 19, figs. 25, 26). These figures of early whorls 
and young shell are in outline only. 

Grabau figures the young shell in a form referred with some doubt to “Fascio- 
taria gigantea’ (Grabau, 1903, pp. 535, 530, figs. 18d, 19). Grabau’s figure I9 is 
of a young shell taken from the egg capsule. He also says of this shell: “In Fas- 
ciolaria gigantea ribs appear first (Fig. 19), the spirals afterwards.” The same 
writer (Grabau, 1912, p. 756) states that the initial whorl in “Fasciolaria gi- 
gantea’”’ has a diameter of 2.35 mm. 

Strebel figures the protoconch in Fasciolaria tulipa (Linné), F. distans La- 
marck, F. papillosa Sowerby, F. salmo Wood, F. awrantiaca Lamarck, F. acu- 
tispira Strebel, F. heynemanni Dunker, F. dunkeri Strebel, F. filamentosa Mar- 
tini, F. flamentosa glabra Dunker, F. trapezium (Linné), F. lignaria (Linné), and 
F. coronata Lamarck (Strebel, 1911, pl. 1, figs. ta, rb, 4a, 6; pl. 2, fig. 8a; pl. 3, 
fig. 16; pl. 5, figs. 23a, 26, 28a, 28b; pl. 6, figs. 32a, 33a; pl. 7, figs. 37, 38a; pl. 9, 
fig. 46; pl. 10, figs. 50, 50a). In this work he discusses some 32 forms. To have 

3 of these with protoconch intact seems remarkable regardless of whether or not 
the entire 32 are congeneric. All of Strebel’s protoconch figures depict the 
smooth and rounded stage. In six figures an early sculpture (riblet stage, 
curved-rib stage) is definitely shown preceding the more or less adult features 
of the conch. These six figures represent the five species Fasciolaria tulipa, F. 
distans, F. salmo, F. acutispira, and F. heynemanm. The whorls of the proto- 
conch appear to be large and few in number in F. sale. On the other hand the 
protoconch whorls appear to be small in F. acutispira and the smooth and rounded 
stage to have unusual length. Strebel’s figures also picture variations in the rel- 
ative size and attitude of the initial whorl. On the whole his illustrations indicate 
that rigid uniformity is not present in the early whorls of all the species included 
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in the genus Fasciolaria. 

Woodring (1928, pp. 255, 256) discusses the early whorls of Fasciolarta semi- 
striata leura Woodring from the Bowden formation (middle Miocene) of Ja- 
maica. He says: “Nucleus consisting of about one and a half whorls, the first 
whorl cap-shaped and forming a broad blunt apex, the last half whorl bearing 
obscure spiral threads and very obscure axial wrinkles............ First few 
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post-nuclear whorls bearing a broad thread at suture and obscure finer threads 
over remainder of whorl, and also very obscure axial undulations.” Woodring, in 
comparing his subspecies with the Recent F. tulipa (Linné), says: “It also has a 
stouter nucleus, and the axial sculpture on the latter part of the last nuclear whorl 
is much fainter. Likewise the suggestion of axial nodes is stronger on the first 
post-nuclear whorls of living specimens.” 

Gardner (1944, p. 443, pl. 49, figs. 5, ©) describes and figures the apical 
whorls of Fasciolaria kindlei Maury from the Alum Bluff group (middle Mio- 
cene) of Florida. She writes: “The nucleus is large and obtuse and performs ap- 
proximately two revolutions. The initial turn is smooth, rather strongly inflated, 
and partially immersed. The first half of the second volution is moderately in- 
flated medially and smooth. Axial sculpture is introduced within the final half 
turn in the form of 4 to 8 axial costae, which are uniform in elevation between the 
sutures and become increasingly broader toward the close of the protoconch. The 
beginning of the conch is indicated by the introduction of the postnuclear axial 
sculpture and by the gradual initiation of the spirals; the spiral that later crowns 
the periphery, the primary in front of it, and a single shoulder spiral appear at the 
beginning of the conch.’”’ Gardner’s figures both show the smooth and rounded 
stage and the conch sculpture. Her figure 5 shows also the early sculpture of 
riblets (curved-rib stage) and the apparently abrupt start of conch features. 

Figures published by Strebel and by Gardner prove the presence of a smooth 
and rounded stage and of a stage of early sculpture (riblet stage, curved-rib stage) 
in the apical whorls of Fasciolaria tulipa, F. distans, F. salmo, F. acutispira, F. 
heynemanni, and F. kindlei. These two stages are assigned to the protoconch by 
Gardner (1944, p. 443) and are so interpreted in this paper. 

Although protoconch differences in Fasciolaria may not be so wide as in some 
other genera, there are nevertheless quite appreciable variations, individual and 
specific. Attention will now be called to some of these. 


PROTOCONCH IN FASCIOLARIA APICINA 

In the Waccamaw Pliocene of Acme, North Carolina, there is a form which 
is believed to be referable to Fasciolaria apicina Dall (Dall, 1890, pp. 102, 103, pl. 
7, fig. 11b). This species was originally described from the Caloosahatchee 
Pliocene of Florida but it has since been reported from the Waccamaw Plio- 
cene of the Carolinas (Dall, 1892, p. 212; Miller, 1912, p. 256). The Acme 
specimens agree fairly well with Dall’s figure and also with his description except 
that they lack the “internal presutural elevated rib.” It is believed that the ab- 
sence of this feature in the Acme specimens hardly justifies their removal from 
F. apicina. Five ontogenetic stages are indicated for the adult Acme individual. 
These are, first, a smooth and rounded stage of about 14 whorl followed by an 
axial riblet stage of slightly over 14 whorl; these two stages being assigned to the 
protoconch. Early in whorl 2 begins a gently angulated stage with spirals and 
axial undulations or ribs. The latter soon weaken with “concentration” of nodes 
at the shoulder angle. The nodes themselves then weaken and the shoulder 
angle disappears. This more or less angulated stage is believed to be the cor- 
relate of the noded and angulated stage of Busycon. Following this angulated stage 
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is a fourth with spirals on a rounded whorl which may persist for perhaps one 
volution. The fifth and last stage is rounded and without sculpture except for 
weak spirals on the anterior canal. Spiral color markings, however, are present 
in this last ontogenetic stage. 

Two individuals from the Waccamaw Pliocene of Acme, North Carolina, are 
illustrated on Plate 3, figures 4-10. They are assigned to Fasciolaria apicina Dall 
though it may eventually be necessary to provide them with a subspecific desig- 
nation. The smaller specimen (Smith Collection, 699, Pal. Research Inst., No. 
20062) has a small and normal initial bulb and never attains the fifth or final 
ontogenetic stage of the species. Figure 4 gives this individual in nonapertural 
view and shows successively the smooth and rounded stage and axial riblet stage 
of the protoconch, the angulated stage of early conch life, and the succeeding stage 
of spirals on a rounded whorl. Figure 5 is a side view of whorls 1 and 2 of the 
same individual and depicts the smooth and rounded stage followed by the riblet 
stage in whorl 1 and the angulated stage in whorl 2. Figure 6 is another side 
view showing whorl 1 and approximately the first quarter of whorl 2, Figure 7 
is an apical view of somewhat more than the first two whorls of the same individ- 
ual. It shows the relatively small initial bulb, the first two ontogenetic stages, 
and a part of the third. The larger individual (Smith Collection, 699, Pal. Re- 
search Inst., No. 20063) is noteworthy in having a very large initial bulb. Figure 
8 is a side view of whorls 1 and 2 and depicts the smooth and rounded stage and 
the riblet stage of the protoconch in whorl 1 and the angulated stage of the conch 
in whorl 2. Figure 9 is another side view showing smooth and rounded stage, the 
end of the riblet stage, and its passage into the angulated stage of the conch. The 
last is shown with the sculpture’s “ruggedness” somewhat exaggerated. Figure 
10 displays an apical view of slightly more than the first two whorls of the same in- 
dividual. The very large initial bulb is brought out and the first three ontogenetic 
stages are shown. 

The two individuals just discussed are from the same locality and horizon 
and are rather clearly to be included in the same species. The protoconch differ- 
ences are therefore interpreted as individual variations probably comparable in a 
general way to those observed by Thorson (1935, pp. 7-17, figs, 2, 6-8) in Arctic 
gastropods. 


PROTOCONCH IN FASCIOLARIA TULIPA 


Mention has already been made of published figures of the protoconch and 
other apical portions of this species (Dall, 1890, pl. 7, fig. 11; Strebel, 1911, pl. 1, 
figs. Ia, Ib). An immature Recent specimen referable to Fasciolaria tulipa 
(Linné) is introduced on Plate 3, figures 11-13 for comparison with the young 
stages of F. apicmma. The specimen in question (Smith Collection, 1071, Pal. Re- 
search Inst., No. 20064) was collected by Anastasia Beatty on the west coast of 
Florida, Figure 11 gives the individual in nonaperturak view and shows the 
smcooth and rounded stage and the riblet (curved-rib) stage of the protoconch 
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followed by the conch stage of spirals on a rounded whorl. The angulated stage 
seen in /. apicina is here omitted except for some faint vestiges of axial undula- 
tions early in whorl 2. Figure 12 depicts whorls 1 and 2 of the same individual. 
Whorl 1 shows the smooth and rounded stage and the riblet (curved-rib) stage of 
the protoconch, whorl 2 the conch stage of spirals on a rounded whorl. Figure 
13 represents very slightly more than the first two whoris of this individual in 
apical view. The smooth and rounded stage of the protoconch occupies a little 
more than 14 whorl while the riblet (curved-rib) stage of the protoconch is a lit- 
tle less than 44 whorl. Whorl 2 is mostly characterized by the conch stage of 
spirals on a rounded whorl with indications of vestigial axial undulations in the 
first 1/3 of the whorl. 

In the distribution of its protoconch stages this individual of Fasciolaria tulipa 
is very like the specimens of /. epiciia from Acme, North Carolina. In the vir- 
tual suppression of the first or angulated stage of the conch F, tulipa is quite dif- 
ferent from F. apicina in which this stage, though short, is well marked. Both 
species have the next conch stage of spirals on a rounded whorl but in F. apicina 
this is short while in F. tulipa it is more persistent. The last and longest stage in 
F. aficina is rounded and smooth and without sculpture except for weak spirals 
on the anterior canal, This last stage in its typical form is apparently never at- 
tained by F. tulipa. 

PROTOCONCH IN FASCIOLARIA PAPILLOSA 

As already noted the protoconch of Fasciolaria papillosa Sowerby has been fig- 
ured by Strebel (1911, pl. 2, fig. 8a). His figure shows a large and prominent in- 
itial whorl which displays the smooth and rounded stage of the protoconch. This 
is followed by three conch volutions characterized by the angulated stage. The 
intervening stage of early sculpture (riblet stage) is, however, not illustrated. On 
Plate 3, figures 14-16 the apical whorls of a Recent individual of this species are 
depicted in different views. The specimen here illustrated (Smith Collection, 
1070, Pal. Research Inst., No. 20065) was collected by Anastasia Beatty on the 
west coast of Florida. Its initial whorl is less prominent than the initial whorl 
cf the subject of Strebel’s figure. Figure 14 is a side view of whorls 1 and 2 and 
part of whorl 3 in this west Florida specimen. At top the smooth and rounded 
stage is followed by the first part of the riblet stage, here without spirals. At 
bottom is the angulated stage of the conch with its axial undulations crossed by 
spirals. Figure 15 is another side view, the specimen being turned in such a way 
that the late riblet stage, with faint spirals between its axials, can be seen. The 
change from the riblet stage of the protoconch to the angulated stage of the conch 
follows. Here the spirals cross the axial undulations. Figure 16 is an apical 
view of slightly more than the first two whorls. The smooth and rounded stage 
is seen occupying all of whorl 1. This is followed early in whorl 2 by the riblet 
stage of the protoconch which persists to about the middle of the whorl. Toward 
the end of this stage faint spirals appear between the axial riblets. The remainder 
of whorl 2 is characterized by the angulated stage of the conch with its axial un- 
dulations crossed by spirals. 
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INTERPRETATIONS 

As already stated protoconch differences observed in Fasciolaria apicina are 
believed to represent individual variations. A like interpretation will probably 
cover the discrepancy in size of initial whorl noted in J, fapiliosa. There appear 
to be, however, other protoconch differences in Fasciolaria which characterize 
species and groups of species. ‘fhe protoconch of one whorl or slightly over di- 
vided rather evenly between the smooth and rounded stage and the riblet (curved- 
rib) stage is known to be present in F. tulipa, F. apicina and the Miocene F. 
rhomboidea Rogers (Rogers, 1884, p. 672, pl. 5, fig. 3). Judging from Strebel’s 
figures (1911, pl. 1, figs. 4a, 6) this condition probably prevails in F. distans as 
well. Contrasted with the type of protoconch just noted is that found in F. pa- 
pillosa. Were the smooth and rounded stage occupies all of whorl 1 and may go 
a short distance into whorl 2. This is followed by half a whorl or less of the 
riblet stage to complete the protoconch. It would appear from Gardner’s de- 
scription and figures (Gardner, 1944, p. 443, pl. 49, figs. 5, 6) of the early 
whorls of F. kindlei that the conditions there approach those encountered in F. 
papillose. The evidence, so far, indicates that there are two kinds of protoconch 
variation in Fasciolaria, one individual, the other to be regarded as specific. 


THE PROTOCONCH OF PLICIFUSUS 


No general statement can be made for the protoconch characters in the species, 
closely related on the one hand, heterogeneous on the other, which have been 
placed in this genus. However, a form believed to be referable to the genotype 
(Dall, 1902, p. 523) has furnished protoconchs and two of these will now be con- 
sidered. 

PROTOCONCH IN PLICIFUSUS KROYERI 

The early whorls of this species have been described and figured by Friele 
(1882, pp. 5, 16, 17, pl. 2, figs. 12-75) and by Thorson (1935, pp. 19, 20, fg. 13). 
These figures, however, lack detail and do not bring out some of the interesting 
features of shell growth. An adult individual of the species apparently goes 
through four ontogenetic stages. There is first a smooth and rounded stage oc- 
cupying about one whorl which is followed by about 14 whorl of weak early 
sculpture. These two stages are assigned to the protoconch. Conch sculpture 
begins abruptly as far as known and consists of axial undulations and fine 
spirals. This third stage persists for several volution. Toward the end cf 
shell growth a relatively short fourth stage is reached. In this last stage the axial 
undulations become vestigial or absent but the fine spirals still remain on the 
body of the whorl. Anteriorly the spirals become much coarser though they 
diminish in strength somewhat on the siphonal fasciole proper where they may 
also be more or less obscured by growth lines. In all of the ontogenetic stages 
the whorls are rounded and without any true angulation. ; 

Figures 17-22 of Plate 3 show the apical whorls of two individuals that are 
believed referable to Plicifusus kréyeri (Moller) (Tryon, 1881, pp. 130, 295, pl. 
53, figs. 333-335; Harmer, 1914, pp. 148, 149, pl. 15, fig. 5). Figures 17-19 give 
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three different views of the apical whorls of one of these individuals (Smith Col- 
lection, 999, Pal. Research Inst., No. 20066). Its initial bulb is of relatively small 
size. The specimen came from the Quaternary deposits of the Petite Riviére-du- 
Loup, Province of Quebec, Canada. It is probably post-Glacial in age. Figure 17 
shows the smooth and rounded first whorl of normal proportions and the weak 
protoconch sculpture of faint convex ribletlike growth lines. These start at about 
the beginning of whorl 2. The largest volution illustrated (parts of whorls 2 and 
3) shows the conch stage of axial undulations crossed by fine spirals. In figure 
18 the specimen is turned in such a way that the later protoconch sculpture and 
sharp end of protoconch can be seen. The later protoconch sculpture is made up 
of faint ribletlike growth lines now straight and diagonal in position. The sharp 
end of the protoconch might be regarded as the last of these growth lines. The 
conch sculpture begins abruptly and is seen in the rest of whorl 2 and in 
whorl 3. Figure 19 gives the apical view of slightly more than the first two 
whorls. Figures 20-22 give three different views of the other individual referred 
to Plicifusus kréyeri (Smith Collection, 1121, Pal. Research Inst., No, 20067). 
It has a large and tilted initial bulb. This specimen came from the Quaternary 
deposits of the Riviere-du-Sud, near St. Frangois Montmagny, Province of Que- 
bec, Canada. It is probably post-Glacial in age. Figure 20 depicts the smooth 
and rounded stage followed by weak protoconch sculpture of growth lines and faint 
spirals. The protoconch sculpture starts at about the beginning of whorl 2. The 
largest volution illustrated (parts of whorls 2 and 3) shows the conch stage of 
axial undulations crossed by fine spirals. Figure 21 is of the same individual 
turned in such a way that the later protoconch sculpture and end of protoconch 
can be seen. The conch sculpture of axial undulations and fine spirals begins 
abruptly. The first two or three undulations are diagonal and roughly parallel 
the protoconch growth lines and termination. After these early undulations in 
whorl 2, the conch sculpture is of the normal kind in the remainder of this whorl 
and in whorl 3. Figure 22 shows the first two whorls and about 1/4 of whorl 3 
in apical view. 


INTERPRETATIONS 


The examples of Plicifusus kvdyeri just discussed were derived from 
terraces bordering the Petite Riviére-du-Loup and the Riviére-du-Sud respect- 
ively. In neither case was the specimen obtained in place but in each case 
the landslide which brought the fossils to light could only have come from terrace 
material. Whitcomb and Richards (1937, pp. 252, 253) report glacial till over- 
lying late glacial clays at ““Riviére-du Loup.” The Petite Riviére-du-Loup land- 
slide locality did not yield a section but the terrace surface, intact and displaced, 
did not suggest glacial till. The Riviére-du-Sud terrace has an altitude of about 
125 feet (Orleans Sheet) ; the Petite Riviére-du-Loup terrace is probably lower. 
A meager section near the top 6 the Riviére-du-Sud terrace showed a coarse layer 
overlying the fine-grained marine deposit and underlying fine material passing 
into soil. This coarse layer was quite thin, rather surely stratified, and not at all 
like glacial till. It is interpreted as representing a transient fluviatile episode 
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preceding the erosion of the material constituting the present terrace. It is be- 
lieved that at each locality the fossils came irom a Ceposit not overlain by tiil and 
to that extent post-Glacial. These geological data are given in order to clarify 
the statement that the specimens are probably post-Glacial in age. 

The pretoconch Gifferences seen in these two individuals of Plicifusus kréyert 
may, of course, be racial and related to bathymetric, geographic, or geologic fac- 
tors. Without a large set of well-preserved protoconchs from each locality the 
question of racial differences must remain an open one. However, in the absence 
of evidence to the contrary, it is believed that individual variation furnishes the 
more probable explanation and that the differences in these two protoconchs are 
comparable in a general way to those observed by Thorson (1935, pp. 7-17, figs. 
2, 6-8) in other gastropods of Arctic environment. 

OBSCURE MARKINGS ON THE PROTOCONCH 

Throughout the present paper the first ontogenetic stage of the protoconch has 
been called either “smooth and rounded” or more simply “smooth.” Apparently the 
term “rounded” can always be used appropriately but “smooth”, though applicable 
in the great majovity of cases, is, in rare instances, subject to qualification. Trans- 
verse, oblique, and slightly curved or bent wrinkles have been observed on the 
otherwise smooth stage of a Waccamaw Pliocene specimen (Smith Collection, 699, 
Pal. Research Inst., No. 20062) of Fasciolaria apicina Dall and also in a Recent 
specimen (Smith Collection, 1071, Pal. Research Inst., No. 20064) of F. tulipa 
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Diagram Text Figure 2 
(Linné). In the former (diagram text figure 2) the curve or bend is convex 
to the left and is seen in the region of the apical umbilicus. In the latter species 
(diagram text figure 3) the curve is convex to the right and is seen just above the 
suture of contact below. The origin of these wrinkles is unknown but in each 
case a shrinking or withdrawing visceral mass might cause the surface of the pro- 
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Diagram Text Figure 3 
toconch to wrinkle if its material were sufficiently plastic. The specimen of F. 
apicina is from Acme, North Carolina, and has been illustrated in figures 4-7 of 
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Plate 3. The specimen of F. tulipa is from the west coast of Florida. It has been 
illustrated by figures 11-13 of Plate 3. The wrinkles just considered must not be 
confused with the riblets or curved ribs which are found later in the protoconch. 

The Quaternary individual (Smith Collection, 999, Pal. Research Inst., No. 
20066) of Plicifusus kroyeri (Moller) from the Petite Riviére-du-Loup (PI. 3, figs. 
17-19) exhibits an abundance of obscure markings of a different nature. These 
are faint and very closely spaced spirals (diagram text figure 4) on the otherwise 
smooth portion of the protoconch in whorl 1. They may represent incipient 
sculpture produced by the mantle or they may be features roughly comparable to 
the radiating lines noted by Grabau (1902, p. 925, fig. 8; 1903, p. 517) in the 
early transparent hyaline shell of Busycon canaliculatum. 


Diagram Text Figure 4 


SUMMARY OF PART II 
BUSYCON 

The protoconch has been described and figured in Busycon contrarium, B. cf. 
fusiforme, B. coronatum or B. rugosum, B. incile, B. pyrum, B. excavatum, and 
B. cf. excavatum. In these forms the protoconch is relatively uniform in its char- 
acters. Evidence at hand indicates that in the genus Busycon there is usually 
a transition from the late protoconch sculpture into the noded and angulated stage 
of the conch. 

FASCIOLARIA 

For Fasciolaria apicina individual variation in the protoconch has been de- 
scribed and two different protoconch types have been figured. In their proto- 
conchs F,. apicina and F. tulipa are much alike but they both differ from F. pa- 
pillosa with its relatively long smooth and rounded stage and less typical riblet 
stage. Protoconch variations in Fasciolaria are therefore of two kinds—individual 
and specific. In the Fasciolarias studied the change from protoconch to conch 
would appear to be much more rapid than in Busycon. 


PLICIFUSUS 
Two types of protoconch have been described and figured for Plicifusus kréyert. 
Their differences are believed to represent probable individual variation. In the 


specimens of P. kréyeri discussed the change from protoconch to conch is an ab- 
rupt one. 
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Comusmad ders anise CO int a pe ee eee 
(14) Nonapertural view of young individual of two whorls. Smooth 
stage (pretocench) cecupies about 11/2 whorls. This is followed by the 
neded and angulated stage of the conch. Long dimension about 2.6 mm. 
(15) Apertural view of same individual. Outer lip of aperture shown re- 
stored. Acad. Nat. Sci. Philadelphia, No. 4662. Miocene (Duplin). 
From the upper or brownish mar] at the Natural Weill, southwest of Mag- 
nolia, Duplin Co., N. €. 
Gonus adversanius \Contad == ee 


Apical whorls. Smooth stage (protoconch) occupies about 1 1/3 whorls. 
Growth lines but no true curved ribs cecur late in the protoconch. Pro- 
toconch is followed abruptiy by the neded and angulated stage of the 
conch. Diameter of whorl 3 is about 19 mm. U. S. Nat. Mus., No. 
164257. U.S. Geol. Surv. locality, No. 3300. Pliocene (Caloosahatchee). 


hell Creek, Fla. 
Figures 9-16, drawings by Ethel Ostrander Smith 
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Apical whorls. Smooth stage (protoconch) of about 3 whorls followed 
by the curved-rib stage (protoconch) of 1/2 whorl or Jess. Conch orna- 
mentation begins in the next to the last volution illustrated. Length, 1.5 
mm. Specimen, Acad. Nat. Sci. Philadelphia. Eocene. Woods Blu#, 
Ala. 


ZANT MA DAH OCCA (Cone) eee ee 


Apical whorls. Smooth stage (protoconch) of about 2 whorls followed 
by the curved-rib stage (protecench) of about 1/2 whorl. Conch sculpture 
shown in lest volution illustrated. Length, 1.3 mm. Specimen, Acad. 
Nat. Sci. Philadelphia. Eocene. Jackson, Miss. 

Athleta petrosa (Conrad) ny aa EE 

Apical whorls. Smooth stage (protoconech) cf somewhat over 2 whorls 
followed by the curved-rib stage (protoconch) of about 1/4 whorl. Larg- 
est illustrated volution shows curved-rib stage at right, conch sculpture 
at left. Length about .75 mm. Specimen, Acad. Nat. Sci. Philadel- 
phia. Eocene. St. Maurice, La. 


PAU DUCAAOR: (UGIN (A: GSSa TURN) pe oa LT a a aM 
Apical whorls. Smooth stage (protoconch) shown in the large first 
whorl. Conch sevlpture shown in whorl 2. Length about .8 mm. Spec- 
imen, Acad. Nat. Sci. Philadelphia. Eocene. St. Maurice, La. 

PAGEL OMG ON) te Stitt hy een eee Da si eee een cee 

Apical whorls. Smooth stage (protoconch) shown in the large first 
whorl. Vestigial curved-rib stage (protoconch) is foMowed by conch seulp- 
ture in whor] 2. Length about 1.2 mm. Specimen, Acad. Nat. Sci. 
Philadelphia. Eocene. St. Maurice, La. 
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Apical whorls. Smooth stage almost restricted to the large first 
whorl. Vestigial eurved-rib stage of protoconch is followed by conch 
sculpture in whorl 2. Length, 1.8 mm. Specimen, Acad. Nat. Sci. 
Philadelphia. Eccene. Claiborne, Ala. 


Figures 17-22, Grawings by Helen Winchester 
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EXPLANATION OF PLATE I (21) 
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Apical whorls. Smooth stage (protoconeh) occupies about one whorl. 
Greatest diameter, 3.2 mm. Specimen, Acad. Nat. Sci. Philadelphia. Re- 
eent. Lee Co., Fla. 
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Apical whorls. Smooth stage (protoconch) oceupies slightly more than 
one whorl. Greatest diameter, 3.2 mm., Specimen, Acad. Nat. Sei. Phila- 
dephia. Pliocene. Caloosahatchee River, Fla. 
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_ Apical whoris. Smooth stage (protoconck) occupies about 1 3/4 whorls. 
Greatest diameter, 3 mm. Specimen, Acad. Nat. Sci. Philadelphia. Mio- 
cene. Bowden, Jamaica. 
LENG UUS. TUES SUSU, Dy IESE SSO NG a 
Apical whorls. Smooth stage (protoconch) occupies slightly more than 3 
whorls. Greatest diameter, 3.5 mm. Specimen, Acad. Nat. Sci. Philadel- 
phia. Oligocene. Vicksburg, Miss. 
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Apical whorls. Smooth stage (protoconch) occupies almost 24% 
whoris. Greatest diameter, 3.5 mm. Specimen, Acad. Nat. Sci. Philadel- 
phia. Eocene. Jackson, Miss. 


nukacusidecus satan (NOG) pets tee eek eee ve ween ee eee eee 


Apical whorls. Smooth stage (protoconch) oceupies almost 2 whorls. 
Greatest diameter, 2.8 mm. Specimen, Acad. Nat. Sci. Philadelphia. Re- 
cent. Acapulco. 


BEY LEWIS SGU IU MNCs ee 


Apical whorls. Smooth stage (protoconch) occupies slightly more than 
44 whorls. Greatest diameter, 3 mm. Specimen, Acad. Nat. Sci. Phila- 
delphia. Recent. China. 
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Apical whorls. Smooth stage (protoconch) occupies about 1 2/3 whorls. 
Greatest diameter, 2.6 mm. Specimen, Acad. Nat. Sci. Philadelphia. Re- 
cent. East Indies. 

Figures 1-8, drawings by Helen Winchester 
(COMMS LUA OTN ACSI (Sytobhid ay ee 
Apical whorls. Smooth stage (protoconch) estimated at about 4 
whorls. In the largest illustrated volution the diameter at shoulder angle 
measures about 1.5 mm. Acad. Nat. Sci. Philadelphia, No. 8722. Plio- 
cene (Waceamaw). Nixons Landing, Waccamaw River, S. C. f 
Conus. flondanus Gabb!— 2aeae ee ee eee 

Apieal whorls. Smooth stage of about 1 1/4 whorls is followed by a 
eurved-rib stage of less than 1/4 whorl. Conch starts abruptly at end of 
eurved-rib stage. In the largest illustrated volution the diameter at shoul- 
der angle measures about 1.5 mm. U.S. Nat. Mus. No. 164298. Plio- 
eene (Calcosahatchee). Shell Creek, Fla. 

Conus stearnsw (Conrad)... 3 = ae a i ee ee 

Apical whorls. Smooth stage of semewhat over one whorl is followed by 
a curved-rib stage of about 1/4 whorl. Conch follows ecurved-rib stage. 
In the largest illustrated volution the diameter at shoulder angle meas- 
ures slightiy less than 1 mm. Type, Acad. Nat. Sci. Philadelphia, No. 
34158. Recent. Oyster Bar, Pine Key, west coast of Florida. 

Gonsxailucnarisd Creer ees eee nee eee ee 

(12) Apieal whorls. Smooth stage, estimated at 3 whorls, is followed 
by an equivalent of the curved-rib stage of about 1/4 whorl. In the larg- 
est illustrated volution the diameter at shoulder angle measures about 
2mm. (13) The same individual turned counter clockwise about 1/4 
whorl. Acad. Nat. Sei. Philadelphia, No. 8718. Miocene (St. Mary’s). 
St. Mary’s River, Md. 


*Inadvertently printed Ficus on p. 17 as of masculine gender. 
(Continued on previous page) 
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PLATE II (VOL. PL. 22) 


TOM sVaconunctien (Conrad) p= a ee ee 27 
tmmature individual of slightly over 1 1/2 whorls having a long 
dimension of about 41/2 mm. (17) Apertural view. (18) Nonapertural 
view. Miocene (Yorktown). Near Yorktown, York River, Va. Smith 
Coll., No. 739. ©.R.I., No. 20059. 


UO} Aite JES WEOE Pier (UDybliAiaa)) <a 28 


(19) (20) Side views of the apical whorls of the same individual - 

(P.R.I., No. 20036). In figure 19 whorl 2 has a right-left diameter of 
about 3 mm. at the shoulder angle. In figure 20 the largest volution 
illustrated (parts of whorls 2 and 3) has a right-left diameter of about 
4 mm. at the shoulder angle. (21) Outline of another individual 
(P.R.I., No. 20037) having a protoconch with relatively smaller initial 
bulb. Lower volution (whorl 2) has a right-left diameter of about 3 
mm. at the shoulder angle. Recent. Sanibel Island, Fla. P. R. I. 
Nos. 20036, 20037. 


222 EDM COMMELCOUCLUIIN (CONTAC) eee enn ete ee 28 


(22) (23) Side views of the apical whorls of the same individual. In 
figure 22 whorl 2 has a right-left diameter of slightly over 3 mm. at the 
shoulder angle. In figure 23 the largest volution illustrated (parts of 
whorls 2 and 3) has a right-left diameter of about 4 mm. at the shoulder 
angle. (24) Apical view of slightly more than the first two whorls of the 
same individual. Diameter at end of whorl 2 is slightly over 3 mm. Plio- 
cene (Waccamaw). Acme, N. C. Smith Coll., No. 709. P.R.I., No. 
20061. 

Figures of plate 2, drawings by Ethel Ostrander Smith 
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EXPLANATION OF PLATE II (22) 


Vigure Paye 
it Je MRBLON A Oma Rer an ieDs (CC ONG) 25 


Apical whorls. Sharp diagonal line shown late in whorl 1. Largest 
volution illustrated (parts of whorls 2 and 3) shows early conch seulp- 
ture and has a left-right diameter of about 4 mm. at the shoulder 
angle. Miocene (Duplin). Natural Well, southwest of Magnolia, 
Duplin Co., N. C. Upper or brownish mari at this loeality. Smith 
Coll., No. 718. P.R.I., No. 20054. 
2s TEVISMCONE Onin aeh ma (CsA!) 25 
Another individual from the same locality and horizon. In this speei- 
men no sharp line is recognize . Long dimension about 6 mm. Smith 
Coli, No. 718. P.R.1., No. 20055. 


3. Busycon contrarium (Conrad) Fe tee anes, 25 


Apieal whorls. Sharp ai: al y in ¥ 2. Largest 
yolution illustrated shows eariy conch seilptu e and has a left-right 
diameter of about 5 mm. at the shoulder angie. Pliocene (Waccamaw). 

Aeme, N. C.. Smith Coll., No. 702. P.R.L., nee 20058. 

Ais JE MOOD Colauaoiremiie (CONC) 26 

(4) Apical whoris of another individual. The sharp line comes very 

early in whorl 2 but in this case the line is more curved. Largest vo- 

lution illustrated shows early conch sculpture and has a left-right diam- - 

eter of about 4 mm. at the shoulder angle. (5) Outline of whorls 1 

and 2 of same individual turned about 1/2 whorl. Whorl 2 in this po- 

sition has a left-right diameter of about 3 mm. at the shoulder angle. 

Pliocene (Waccamaw). Acme, N. C. Smith Coll. No. 702. P. RB. L, 

No. 20057. 


OO BUSH COMICOMIRARD UI Ia (EOIN Cl) pment eee ne ee nett snes Senne nee 20 


(6) Outline of whorl 1 and part of whorl 2 in another individual. In 
this specimen the initial bulb is large and discordant. Larger volution 
(parts of whorls 1 and 2) is about 2 1/2 mm. from left to right. Com- 
pare with figure 4. (7) Outline of whorls 1 and 2 of same individual 
turned about 1/2 whorl. Whori 2 in this position measures about 3 mm. 
from left to right. Compare with figure 5. Pliocene (Waccamaw). 
Aeme, N. C. Smith Coll, No. 702. P. R. I., No. 20058. 


EHO W/EVNISIMGOLE (Oren ANn NED ((\Giovueeyel)) st 20 
Immature individual of slightly over 1 3/4 whorls. Long dimension 
about 7.5 mm. (8) ° Apertur i (9) nonapertural view. Pliocene 
(Wacesmaw). Tillys Lake, Horey 1S, S) G20. SS) Nat.) Mugs No: 
371028. 
10-12. Busycon contraruum ((Gonrad) 2-2 = Oe | Ns EE 20 
Immature individual of about 1 1/4 whorls having a long dimension 
ntly over 5mm. (10) Apertural view. (11) A 
pecimen turned clockwise slightly. (12) Nonap: 
vase beach, Cape Lookout, N. C. P. BR. T., No. 2¢ 


13,14. Busycon cf. fusiforme (Conrad) _ 
Immature individual of about 1 2/3 whorls having a long dimension 
of slightly over 8 mm. (13) Apertural view. (14) “Nonapertural vi few. 
Miocene ‘St. Mary ;. Mary ’s River, Md. (t.8. G. ; 
U. S. Nat. Mus., No. 371029. 
15,16. Busycon coronatum (Conrad) or B. rugosum (Conrad) 27 
(15) ae immature individu al] haying a long dimension of about 
3 mm. (18) Another individ ; tie same loeality and horizon, 
Specimen fas about 11/4 whorls and its long dimension is eae 
over 3mm. Miocene (St. 2 Mary’s). St. Mary’s ‘River, Ma. (U.8.G.8. 
Sta. 2252). U.S. Nat. Mus., No. 115307. 


(Continued on previous page) 
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AO LRT ORIIS WANE, (NICS) ee ae 
‘Three views of an individual with large and tilted initial bulb. (20) 
Side view of whorls 1 and 2 and part of 3. The largest volution illus- 
trated (parts of whorls 2 and 3) has a right-left diameter of about 4 mm. 
(21) Another side view but with specimen turned clockwise almost 1/2 
whorl. Largest volution figured has a right-left diameter of about 5 my. 
(22) Apical view of somewhat more than the first two whorls. Maxi- 
mum diameter of whorl 2 is about 3 mm. Quaternary. Riviére-du-Sud, 
near St. Frangois Montmagny, Province of Quebec, Canada. Smith Coll. 
No. 1121. P.R.I., No. 20067. 


Figures of Plate 3, drawings by Ethel Ostrander Smith 
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EXPLANATION OF PLATE III (23) 


TESS GOLA (yin Cemonton ste (CKO NONE GU)) 

(1) (2) Side views of the apical whorls of an immature individual of 

about 3 3/4 whorls. In figure 1 whorl 2 has a right-left diameter of 

about 3 mm. at the shoulder angle. In figure 2 tne largest volution 

illustrated (parts of whorls 2 and 3) has a right-left diameter of about 

4 mm. at the shoulder angle. (3) Apical view of whorl 1 and almost 

all of whorl 2 in the same individual. Diameter toward end of whorl 

2 is about 3 mm. Miocene (Duplin). Naturai Weil, southwest of Mag- 

nolia, Duplin Co., N. C Lower or bluish bed at this locality. Smith 
Coll., No. 746. P.R.L, No. 20060. 


5 Fasciolaria apne TSI Nee Sr th Ce Ui ea eee 


Young individuai of about 3 1/4 whorls havirg a iong dimension of 
about 12 mm. Initial bulb smaii. (4) Nonapertural view. (5) Side 
view of whorls 1 and 2. The part of whorl 2 ‘shown has a diameter of 
about 31/4 mm. (6) Side view of whorl 1 and approximately the first 
quarter of whorl 2. The lower volution figured (parts of whorls 1 and 
2) has a diameter of about 2 3/4 mm. (7) Apical view of somewhat 
more than the first two whorls. Maximum diameter of whorl 2 is about 
3.1/2 mm. Piiocene (Waccamaw). Acme, N. C. Smith Coll., No. 
699. P.R.I., No. 20062. 


Fasciolania apicina Dall = ee eee 


Apical whorls of adult individual with large initial buib. (8) Side 
view of whorls 1 and 2. The part of whorl 2 shown has a diameter of 
about 41/2 mm. (9) Side view of whorl 1 and approximately the first 
half of whorl 2. Lower volution figured has a diameter of about 4 
mm. (19) Apical view of slightly more than the first two whorls. Max- 
imum diameter of whorl 2 is about 5 mm. Pliocene (Waccamaw). 
Aeme, N.C. Smith Coll., No. 699. P.R.1., No. 20063. 


Basccolamantulepon (Seite) ) eee eee ee eee 


Young individual of about 2 2/3 whorls having a long dimension of 
about 10 1/2 mm. (11) Nonapertural view. (12) Side view of whorls 
1 and 2. ‘The part of whorl 2 shown has a diameter of about 4 mm. 
(18) Apical view of slightly more than the first two whorls. Max- 


imum diameter of whorl 2 is about 41/2 mm. Recent. West coast of 
Florida. Smith Coll., No. 1071. P.B.L., No. 20064. 


Rasciolariatpapillosa Sowerbysl tte ne eee ae 
Three views of the apical whorls in one individual. (14) Side view of 
whoris 1 and 2 and part of whorl 3. Largest volution figured (parts of 
whorls 2 an 3) has a right-left diameter of about 31/2 mm. (15) An- 
other side view but with specimen turned counter clockwise slightiy. Larg- 
est velution figured (whorl 3) has a right-left diameter of about 4 1/2 
ram: (1:6) Apical view of slightly more than the first two whezls. Maxi- 
mum diameter of whorl 2 is about 2mm. Recent. West coast of Florida. 
Smith Coll., No. 1070. P.R.L, No. 20665. 
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Three views of the apical whorls of an ue tual with relatively small 

H initiel bulb. (17) $ x wherl3 i and 2 and part of 
The largest vohition illustrated als of whorls 2 and 3) has 
left diameter cf abo (18} Another side view but 
with specimen turned about 1 se whorl. 2 large est volution figured has 
a right- -left diameter cf about 4mm. (19) Apiea il view of slightly more 
than the first two whorls. Meximum cuumicter cf whori 2 is about 2 2/3 
mm. Quaternary. Petite Riviére-du-Loup, Province of Quebec, Can- 
ada. Smith Cell., No. 989. P.R.1., No. 20066. . 
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SOME SPECIES OF PLATYSTROPHIA FROM THE TRENTON OF 
ONTARIO AND QUEBEC 


By 


G. Winston SINCLAIR 


Sir George Williams College, Montreal 
INTRODUCTION 


I have been engaged in studying the Ordovician Trenton rocks of Ontario and 
Quebec for some time, and each year has seen a few specimens of Platystrophia 
set aside as “possibly new.” These specimens have been allowed to accumulate in 
the hope that I might find material which would permit me to determine the ex- 
tent to which early species of the genus varied and so to satisfy myself concern- 
ing specific limits. 

Specimens of Platystrophia occur frequently in the Trenton group of central 
Ontario and the St. Lawrence Valley, but it is very seldom that enough well- 
preserved specimens can be collected from any one bed to allow reliable study of 
population variations. However, these early forms are of interest in throwing 

light on the first development of a stock which was later to become so prolific. 
The present paper is mainly concerned with the description of new species. The 
described specimens are in the writer’s collection. 

The first sound work on the genus was that of Cumings and Mauck (1902) 
and Cumings (1903). Their careful compilation and comparison of data are of 
great value. McEwan’s study (1919) provided a large number of specific and 
varietal names for the forms which Cumings and Mauck had considered insepar- 
able. This work would have gained greatly in value had the author shown where 
the analyses of Cumings and Mauck, which she discarded, were incorrect. Some 
of McEwan’s species are sketchily described, and comparison with them is not 
always easy, especially where no measurements are given. Raymond (1921) 
added some notes on Trenton species. The 75 or so species and varieties de- 
scribed to 1930, including 21 from the Trenton, have been listed by Schuchert 
and Cooper (1932, p. 65). Since then two species have been described, one by 
Cooper (1930, p. 268) and another by Roy (1941, p. 86), both from the Upper 
Ordovician. 

Schuchert and Cooper had trouble fixing the first appearance of the genus in 
America, owing to the unsettled correlation of the beds containing the earliest 
Kay (1937, p. 202) gives the lower Trenton Hull (=Kirkfield) 


known forms. 
However, the first appearance of Platy- 


formation as containing the first species. 
strophia seems to have been a little earlier, as at least two species are present in 
the basal Trenton or Black River beds at Paquette Rapids on the upper Ottawa 
River. Throughout the Trenton species are locally common, but their distribu- 
tion is irregular. Some thick Trenton formations (e. g., the Tetreauville’ at 
Montreal) seem to lack the genus entirely, and in others it is rare. 

1 For the succession of Trenton formations in the Montreal area see T. H. Clark, 1945, 
Trans. Royal Soc. Can., vol. 38, sec. 4, p. 29. 
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THE VALUE OF THE CONCEPT OF “GROUPS” IN PLATYSTROPHIA 
Cumings (1903, p. 10, fn.) introduced the terms “biplicate, triplicate and uni- 
plicate” as a matter of convenience in speaking of the method of origin of costae 
in the sinus of the pedicle valve. The “biplicate’ forms have two primary cos- 
te arising in the beak; increase is generally by implantation in a mesial position. 
The “triplicate” forms have a primary mesial costa and add coste by lateral 
implantation. The “uniplicate’’ forms have only a single mesial costa. 

McEwan used these terms as names of “groups,” following Cumings, and di- 
vided the biplicate forms into four subgroups, and the triplicate into three. It is 
apparent from the discussion of Cumings and McEwan that they regarded these 
groups as genetically continuous and distinct sections of the genus. Schuchert 
and Cooper (1932) retained the groups, altering the names to “unicostate, bi- 
costate and tricostate.’ They pointed out that the unicostate and tricostate are 
basically the same but kept them separate because “it is convenient to continue 
the two groups for their stratigraphic value.” Since the two described unicostate 
species in America are from the lower Trenton and the Utica and are preceded, 
separated, and followed hy tricostate forms, the stratigraphic value of the dis- 
tinction is not apparent. 

This division of the genus into groups was based on a recognition that there 
were two fundamentally different ways in which coste in the sinus could origin- 
ate. The knowledge of American bicostate forms only in lower Trenton of the 
Champlain Valley and the Silurian, and the presumption that most European 
species were of this type, led Cumings to suggest that the group formed a dis- 
tinct line, only represented on this continent by rare migrants from a European 
reservoir. It is now known that bicostate species occur well up into the Trenton, 
as far west as Minnesota. The turopean species, though not fully described, in- 
clude representatives of all groups. 

It will be shown that in the lower Trenton at Montreal there occur two spe- 
cies (P. minuta Raymond and P. cham plainensis McEwan) which according to 
all other criteria are homogeneous but which include both bicostate and tricostate 
individuals. The same thing seems to happen in the Hermitage of Tennessee, 
where P. hiermitagensis and P. extensa are said to occur together and differ only 
in costal pattern (McEwan, 1919, pp. 409, 410). Later forms seem to be more 
stable in their costal characteristics, but the bicostate species are more nearly 
similar to subcontemporaneous tricostate forms than to earlier or later bicostate 
species. (Compare P. trentonensis with P. amana longicardinalis ; P. inferaplica 
(Cooper, 1930, p. 65) with P. regularis Shaler (Twenhofel, 1928, p. 177). This 
suggests that the bicostate group is not a continuous line but is made up of spe- 
cies which have appeared from time to time from tricostate forms, 

The costal pattern is an “either-or’’ matter and allows.no intergrading. It 1s 
thus tempting as a basis for division, but I believe that its ease of application is 
misleading. The terms are still useful in Cumings’s original sense, as a short- 
hand way of describing patterns, but they should not be used in such a way as 


to imply relationships 


: 
f 
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DESCRIPTION OF SPECIES 
Genus PLATYSTROPHIA King 
Platystrophia amena McEwan 

P: amocenau McEwan, 1919, p. 412, pl. 43, figs. 1-S; Raymond, 1921, p. 17, pl. 6, figs. 1-5, 11. 

This species, as Raymond remarked, is the most common and widespread of 
the Canadian Trenton Platystrophias. Our specimens tend to be a little larger 
than the type and are usually long hinged, although at any locality the relative 
width of the hinge is very variable. Most of the specimens would be referred to 
P. ameena longicardinalis McEwan rather than to the species itself, but the con- 
stant association of short and long-hinged individuals in the same beds, with 
numerous intermediate specimens connecting them, makes the yalue of the sub- 
specific name doubtful. 

Platystrophia minuta Raymond 
Plate 1, figures 50-53 

P. minuta Raymond, 1921, p. 20, pl. 6, fig. 10. 

The available material does not add much to Raymond’s description of the spe- 
cies. It consists of eight pedicle and eight brachial valves, all dissociated, from 
the lower Trenton Mile End formation at Le Page Station, Terrebonne County, 
Quebec. The specimens agree with Raymond’s type material in size and num- 
ber of lateral costze, The cost of the fold and sinus, however, are of interest. 

The sinuses of the pedicle valves bear: (1) three costae in regular tricostate 
pattern (length of valve 6.6 mm.); (2) a single strong mesial costa and traces 
of two laterals, just appearing at the front of the shell (length, 5.7 mm.) ; (3) a 
single mesial costa (four specimens, lengths 6, 5, 4.6 and 4.1 mm.) ; (4) no costa 
at all (length 6 mm.) and (5) a strong mesial costa which bifurcates about 2.6 
mm. from the beak (length of valve 4 mm.). 

The folds of the brachial valves are more regular. In three (lengths 6, 6.1 and 
5 mm.) the two primary coste have bifurcated at about half the length of the 
valve. In two (length 3.8 and 4 mm.) the coste remain undivided, and in two 
(lengths 3.8 and 4 mm.) they have not divided but have broadened. Presumably 
had the latter two specimens reached a length of about 6 mm. they too would 
have had four coste on the fold. 

In considering this variation in pattern it should be remembered that these 
specimens are all from precisely the same bed, agree in general configuration, and 
in always having five sharply angular cost on the slopes of the pedicle valve, and 
four on the brachial. There are no other Platystrophias in the bed, except the 
single specimen described below as P. minuta adulta. It is apparent that in this 
species the costal pattern had not become fixed, and individuals could be bicostate 
or tricostate without losing any of the characters of the species. I record the 
presence of the acostate specimen without attempting an explanation. 

Platystrophia minuta adulta, n. var. 
Plate 1, figure 48 

Associated with P. minuta in the Mile End formation at Le Page Station, 
Quebec, is a single pedicle valve which looks like an overgrown specimen of that 
species. It has none of the characteristics of a gerontic individual but seems 
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rather to be the sort of shell P. minuta might grow into, were P. minuta a juvenile. 
But this does not seem to be the case, as we now have a score of specimens of 
the species, all agreeing generally in size, while there is only one of the form I 
am calling aduita. 

The pedicle valve is widest at the hinge, gently convex. ach lateral slope 
bears six coste, of which the inner three are sharp, and the outer three more 
rounded, ‘he sinus is very wide, and, considering the thinness of the valve, deep; 
it bears five coste in tricostate pattern. The primary mesial costa and two flank- 
ing ones, which originate about 2 mm. from the beak, are subequal at the anterior 
margin. Outside these is another pair which appears about 2.5 mm. from the 
front and do not become strong. 

Length, 7.2 mm.; width, 106; width of sinus, 6.5; depth of sinus, 3.8. 

This form differs from P. m-nuta in its larger size, wider hinge (age in most 
species of Platystrophia tends to decrease rather than increase the relative hinge 
width), additional lateral costze, and wider sinus, although this is a corollary of 
the number of cost in it. The exact relationship to P. minuta cannot be deter- 
mined from the present material. 


Platystrophia champlainensis McEwan, emend. new 
Plate 1, figures 36-43 


P. trentonensis champlaincnsis MeHwan, 1919, p. 407, pl. 42, figs. 9-11. 

P. champlainensis MeEwan, Raymond, 1921, p. 19, pl. 6, figs. 6-9. 

P. precedens McEwan, 1919, p. 405, pl. 42, figs. 7-8. 

P. wniplicata Melwan, 1919, p. 405, pl. 42, figs. 1-2. 

Shell small, rather thick, hinge narrow. Pedicle valve quite convex, lateral 
slopes with 6-9 sharp distant coste; sinus wide, rather deep. Brachial valve 
evenly convex, more convex than the pedicle, fold scarcely elevated. 

In the lower Trenton Mile [:nd formation at Montreal, and, according to the 
literature, in the Champlain Valley, there occur commonly Platystrophias which 
agree in their small size, plump shape, and number of lateral coste, and differ 
only in the costal pattern of the sinus and fold. Subgroups A and B of the bi- 
costate group are represented, along with tricostate and unicostate forms. Of 48 
specimens selected for measurement, all from the same horizon at Montreal, 33 
were the bicostate-B “champlainensis,” 8 were the bicostate-A “precedens,” 4 were 
“uniplicata,” and 2 were unicostate but had incipient lateral coste in the sinus. 
The remaining specimen had four coste in the sinus, but unfortunately it did not 
show the method of origin. 

These shells are all very similar in appearance, but they were divided into three 
groups on the basis of costal pattern and a few characteristics were analyzed. 
Some of the results follow, using the letters C, P, and U to indicate the “champlain- 
ensis,’ “precedens’ and “wnicostata” groups. ‘ 

Ratio, length -:- width: C, 33 specimens, range .63-.90, mode and median .77, 
50% of specimens between .75 and .81; P, 8 specimens, range .67-.93, median 
.78; U, 6 specimens, range .69-.83, median .74. 

Number of costz on one lateral slope of pedicle valve: C, 30 specimens, range 
6-9 (plus one case of 11), median and mode 8, 87% of specimens between 7 and 
9; P, 6 specimens, range 7-9, median 9; U, 6 specimens, range 6-9, median 8. 


a 
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Width of shell: C, 33 specimens, range 6.4- 16 mm., median and mode 11, 50% 
of specimens between9.9 and 13; P, 8 specimens, range 4.3-15, median 13.5; U, 
6 specimens, range 6-12, median 10.6, 

Ratio sinus width -:- shell width: C, 26 specimens, range .36-.64, median, .50, 
50% of specimens between .47 and .54; P, 5 specimens, range .42-60, median 
.45; U, 6 specimens, range .41-.49, median .43. 

I think the agreement between these rough figures is striking. The unicostate 
forms are a little smaller than the average (but the type specimen of P. uniplicata 
was 12 mm. wide), and there are few small “precedens,” but considering the lim- 
its of the commoner form I think the discrepancies can be charged to the small 
number of specimens. The width of the sinus seems to be a function of the num- 
ber of costee in it, as might be expected. Measurements are not given for depth 
of sinus which seems to vary with age and thickness, nor for the ratio sinus 
depth -:- thickness which is similar in the three groups. 

It seems to me highly improbable that three (or four) true species would exist 
in the same place at the same time, differing among themselves only in one char- 
acter. Shape in Platystrophia tends to be variable; here it is quite constant, with 
the same norm in all groups; no group is long hinged nor auriculate nor marked- 
ly quadrate. Many species of Platystrophia have stabilized the number of lateral 
cost ; so have these three, all at the same figure. In spite of phylogenetic the- 
ories I find it easier to think of a single species in which the manner of costal origin 
was a matter of indifference, except that once initiated it could not be reversed. 
This irrevocable “choice,” of course, makes it easy to separate individuals into 
groups, but I consider that giving these groups names is a meaningless proced- 
ure. For that reason I have united McEwan’s three species under the name 
champlainensis because most cf the individuals have the form of the types of that 
species. The same distribution seems to hold in the New York beds from which 
the three species were originally described, as McEwan had only two specimens 
of “uniplicata”’ and notes that “precedens” occurred in “relatively small numbers.” 

If I am right, then we would expect to find specimens with two primary cost 
in the sinus and a mesial one just starting near the anterior margin; in other 
words, forms transitional between bicostate subgroups A and B. This I have 
not found. In all the “champlainensis” type, the three cost in the sinus are sub- 
equal and originate very close to the beak. 

This species is locally abundant in the Mile End formation near Montreal, al- 
though really well-preserved specimens are rather rare. The specimens exam- 
ined in detail came from quarries at De Fleurimont and Marquette streets, in 
Montreal, and at St. Vincent de Paul, just north of the city. 

Platystrophia moira, n. sp. 
Plate 1, figures 17-19 

Shell small, quadrate, rather thin, pauciplicate. Pedicle valve gently convex, 
each lateral slope with six sharp distant coste; sinus narrow, rather ceep, with 

2 A recent day’s intensive collecting at St. Vincent de Paul produced 162 specimens well 
enough preserved to show the costal pattern. Of these 106 **champlainensis,”* 37 were 
““nrecedens,’’ 16 were ‘‘wniplicata,’’ and 3 had the intermediate bicostate pattern postulated 
above. 


Recent work has also shown that this horizon in the Mile End formation is lower than that 
at Le Page Station, in which P. minuta and P. minuta adulta were found. 
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a single sharp mesial costa. Brachial valve evenly convex, fold scarcely elevated, 
with two coste which retain their identity to the beak. 

Width, 10.5 mm; width of hinge, 10; length, 8.4; thickness, 6.5; width of sinus, 
4.5; depth of sinus, 2.3 mm. 

Occurrence.—lWirkfield formation (lower Trenton), along the Moira River in 
Belleville, Ontario. 

Discussion.—The holotype is not so well preserved as could be wished but is 
chosen because it is complete. The species is distinguished from P. eyens by its 
unicostate sinus, which seems to be constant, and from P. champlainensis by the 
pauciplicate lateral slopes, wider hinge, and narrower sinus, A specimen which 
seems referable to this species was found at Paquette Rapids, where it was asso- 
ciated with larger tricostate forms. The latter specimens are in the collections 
of the Geological Survey of Canada-and are not described here. 


Platystrephia canadensis, n. sp. 
Plate 1, figure 22 

Shell of medium size, thin, widest at hinge. Pedicle valve very gently convex, 
each lateral slope with seven rounded, distant coste; sinus wide, rather shallow, 
with three equal coste in bicostate pattern, more angular than those on the rest 
of the valve. Brachial valve crushed, fold apparently very low, with four sub- 
equal coste. 

Width, 14 mm.; width of hinge, 14.8; length, 10.5; width of sinus, 7; depth 
of sinus, about 2.8 mm. 

Occurrence.—Lower Trenton Kirkfield formation, at Kirkfheld, Ontario, 

Discussion.—The holotype, like most brachiopods in the shaly interbeds of the 
Kirkfield, is beautifully preserved but crushed. The species seems closest to P. 
trentonensis, but is smaller, thinner, and has fewer lateral coste. From P. tren- 
tonensis perplana McEwan, which occurs with it at Kirkheld, the species is dis- 
tinguished by its quadrate rather than transverse shape. 


Platystrophia incerta, n. sp. 


Piate 1, figures 20-21 


Shell of medium size, widest at hinge, thin, quadrate. Pedicle valve gently 
convex, lateral slopes with 11 sharply rounded cost; sinus wide, rather shallow, 
with a strong rounded mesial costa and two feeble lateral costee which first ap- 
pear about mid-length of the shell and never become prominent. Brachial valve 
of the only specimen badly weathered. 

Width, 13 mm; width of hinge, 14; length, 10; thickness, about 6; width of 
sinus, 6; depth of sinus, 3 mm. 

Occurrence.—Sherman Fall formation, near Trenton, Ontario. 

Discussion.—Similar to P. amana in shape, this species is distinguished chiefly 
by the larger number of lateral coste. The costal pattern resembles that of P. sera, 


. 
. 
| 


277 CANADIAN PLATYSTROPHIAS: SINCLAIR 9 


which occurs with this species, but an examination of growth varices indicates 
that the two are of fundamentally different shape. The young of P. incerta is more 
transverse than the adult, but the outline never approaches that of P. sera. 
Platystrophia egens, n. sp. 
Plate 1, figures 24-30 

Shell of medium to small size, transverse or subquadratic in shape, pauciplicate. 
Pedicle valve gently and evenly convex, except immediately at the cardinal angles, 
where the slope becomes concave. Lateral slopes with*six angular coste, with 
sometimes traces of another posteriorly. Sinus wide, rather deep, with three sub- 
equal costé in tricostate pattern. Brachial valve more convex, almost evenly so. 
Fold but slightly elevated, coste bifurecating within 1.5 mm. of the beak. 

Width, 13 mm.; width of hinge, 11.5; length, 10; thickness, 8; width of sinus, 
6.2; depth of sinus, 3 mm. 

Occurrence.—Frequent in the Rosemount member of the Montreal formation at 
Montreal North (holotype and 4 paratypes) ; Riviere des Prairies (2 paratypes) ; 
Boulevard Pie IX about one mile north of the Chemin de la Cote St. Michel (2 
paratypes). All the localities mentioned are on Montreal Island. 

Discussion—The above description is drawn from the holotype, a specimen 
with prominent growth varices, showing that the width of the hinge did not in- 
crease after the shell had attained a length of 7 mm. At that time the width at the 
middle of the shell was 10 mm. The number of coste was already fixed. The 
holotype has a nontypical fourth costa in the sinus, very small, and appearing at 
about 6.5 mm. length, intercalated between the left and central coste. On the fold 
the inner costa of the right-hand pair bifurcates. 

P. egens is rather common in the Rosemount in the Montreal area and varies 
considerably in shape and size. The small number of lateral costee seems to be 
constant, except that young individuals may have only five. This characteristic 
distinguishes it from the somewhat similar P. amacna. 

Young shells are transverse and thin, with shallow sinuses, and become thicker 
and relatively narrower with age. The holotype is a little under the average size. 
The width, length, and thickness of seven paratypes are: 10, 7, 5; 10, 7.5, 5-5; 
ME MOCO eIAeS et sOs 15 O.nMi2, LO, 05.12, 0,7 5°55, aid-g,, l2-Ov mtn. The 
relative width of the hinge varies about a norm of a little less than the greatest 
width of the shell. 

Platystrophia uxoris, n. sp. 
Plate*l, figures 1-18 

Shell of medium size, robust, short hinged, subovate in outline. Pedicle valve 
quite convex, evenly so, lateral slopes with 8-12 rather sharp coste. Sinus wide, 
deep, typically with three subequal sharp costae, in bicostate pattern. Brachial 
valve more convex, except toward the cardinal angles. Fold low, with 4 subequal 
coste. 

Width, 20.1 mm; width of hinge, 17; length, 25.3 ; thickness, 12; width of sinus, 
10; depth of sinus, 5.8 mm. (holotype). 

The largest specimen measured: width, 23 mm; width of hinge, 20; length, 26; 
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thickness, 15; width of sinus, 10; depth of sinus, 8 mm. A small, juvenile speci- 
men ; width, 12 mm.; width of hinge, 10; length, 9.43; thickness, 7; width of sinus, 
6; depth of sinus, 3 mm. : 

Occurrence.—Rosemount member of Montreal formation, at Montreal North, 
Quebec. 

Discussion—The 37 specimens measured all came from one bed of limestone, 
and presumably the smaller thinner specimens are the young forms, The holotype 
is typical of the mature specimens. There is some variation in the number of 
coste in the sinus. Thirty specimens have the typical three coste, Three 
specimens have five, but here it is evident that the first two coste of 
the lateral slopes have “slipped” into the sinus. One otherwise typical 
specimen has four coste, the median one having bifurcated shortly after its 
appearance ; on the fold a median fifth costa is implanted. Two specimens have 
only two cost ; one of these has a normal sinal width and the coste are low and 
broad instead of being sharply angular; the other specimen has more normal 
costee and a narrow sinus. One specimen has only a single broad costa in the 
sinus. Unfortunately, it is only a pedicle valve, and it is not possible to say what 
the fold was like. 

The number of lateral costee varies to some extent. Two specimens have eight 
on each side of the pedicle valve, seven have nine, 17 have 10, three have 11, and 
six have 12. Those having less than 10, and most-of those with 10, show a smooth 
area adjacent to the hinge, which in the others is occupied by small coste. The 
number of costee does not correlate with the size of the shell. 

Tricostate Platystrophias occur in adjacent beds, but none have been found in 
the stratum from which all the specimens of P. wroris came. The species has not 
been found elsewhere. It is somewhat similar to P. trentonensis but differs in its 
larger size, short hinge, and wider sinus. 

The specific name is for my wife, who collected the material with me. 


Platystrophia prwcox, n. sp. 


Plate 1, figure 23 


Shell of medium size, transverse, thin. Pedicle valve only slightly convex, 
becoming concave at the cardinal angles. Each lateral slope has eight rather 
sharp, well-separated coste. Sinus broad and shallow, with two very strong 
distant primary costa, and two smaller ones outside these; the four are equi- 
distant at the front, the lateral costee appear when the shell has reached about half 
its length. Brachial valve a little more convex, the fold very low and spreading, 
too weathered to allow detailed observation of the costal pattern. 

Width, 15 mm.; width of hinge, about 14; length, 10; thickness, 8; width of 
sinus, 7; depth of sinus, 3 mm. 

Occurrence.—Rosemount member of the Montreal formation ; Botanical Gar- 
dens Quarry, Rosemount, Montreal. 

Discussion—The unique holotype is a free weathered specimen which would 
aot be described except for its peculiar costal pattern, There is no associated 
species of which it could be a variant. Following McEwan’s classification, this 
specimen would be put in subgroup C of the bicostate group, a subgroup contain- 
ing only P. brachynota (Hall), P. reversata Foerste, and P. camerata Twenhofel. 
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The former two are from the Silurian of the interior, the latter is from the 
Gamachian Ellis Bay formation of Anticosti. None of these species is similar 
to P. precox, except in costal pattern. P. precox seems most similar to P. 
amena and P. egens. It differs from P. amcena in being smaller, shorter in the 
hinge, and having fewer lateral coste. It is longer hinged and thinner than P. 
egens. 

The specimen is mainly interesting as an indication that the Trenton tricostate 
Platystrophias were capable of producing at least one individual of wholly differ- 
ent costal pattern. Addition of secondary coste at the sides of the sinus is, of 


course, a tricostate feature, but here it is superimposed on a bicostate base. 


Platystrophia longa, n. sp. 
Plate 1, figures 44-47 

Shell of medium size, quadrate, auriculate. Pedicle valve very gently convex, 
a little concave near the ears, hinge line always wider than the shell immediately 
anterior to it, but sometimes less and sometimes more than the greatest width 
of the shell. Lateral slopes with ro rounded costs. Sinus wide, shallow, with 
three subequal coste in tricostate pattern. Brachial valve much more convex, 
also becoming concave near the ears; fold very low. 

Holotype—W idth, 13.6 mm.; width of hinge, 15; length, 11; width of sinus, 
6.6; depth of sinus, about 2.5 mm. Paratype I: width, 15.5; width of hinge, 15; 
length 12.5 ; thickness 11.5; width of sinus, 7.2; depth of sinus, 3.6 mm. Paratype 
II: width, 16; width of hinge, 16; length, 16; width of sinus, 8 mm. 

Occurrence —Middle Trenton, near Grondines, Quebec. 

Discussion—This species is represented by rather frequent poorly preserved 
specimens, almost all dissociated valves. The holotype is‘a typical specimen and 
is thin, as are almost all the specimens. The paratype I is exceptionally thick 
and is one of the few specimens with the valves joined. Paratype IT is the long- 
est specimens seen and is larger than usual. It is only.moderately convex. This 
species is smaller than P. globosa McEwan (1919, p. 413), much thinner, and has 
an extra costa on each lateral slope. The presence of the subglobose paratype I 
suggests that the relationship to P. globosa may be close. No other comparable 
species is so long. 

Platystrophia sera, n. sp. 


* Plate 1, figures 33-35 


Shell of medium size, widest at hinge, acuminate, thin. Pedicle valve very 
gently convex medially, becoming flat toward the cardinal angles. Lateral slopes 
with eight rather sharp, broadly sigmoid coste; the ears are smooth or have 
obscure undulations parallel to the costz. Sinus’ rather shallow, with a mesial 
costa and two smaller lateral coste which appear in tricostate pattern when the 
shell is about 6 mm. long. Brachial valve not quite so convex, but more regularly 
so, more convex at the cardinal angles. Fold very low, with four low coste, re- 
sulting from the late bifurcation of the two primaries. 

Width, 14.3 mm.; width of hinge, about 20; length, 10.7; thickness, 8; width of 


12 PALAONTOGRAPILICA AMERICANA (IIT, 20 ) 280 


sinus, 6; depth of sinus, 3.3 mm. 

Occurrence —Middle Trenton cystid beds of the Ottawa limestone at Phil- 
emon Island, Hull, Quebec (holotype): Sherman Fall formation near Trenton, 
Ontario. ; 

Discussion.—No other Trenton species has a shape similar to P. sera, but the 
Arnheim P. acuminata James seems to be very similar in size and shape. The only 
difference noted from McEwan’s description (1919, p. 420, pl. 46, figs. 5-8) is a 
much deeper sinus and higher fold in the Richmond form. One of the specimens 
figured as P. amana longicardinalis (McEwan, 1910, pl. 43, fig. 11) approaches 
this in outline, but has a wider fold and larger lateral coste. 


Platystrophia felis, n. sp. 
Plate 1, figures 31, 32 

Shell large, plump, hinge line extended. Pedicle valve gently convex, flattened 
or concave near the cardinal angles, each lateral slope with 13 sharp costee. Sinus 
wide, rather deep, with three subequal cost in tricostate pattern. Brachial valve 
more convex, flattening near the ears but still more convex than the pedicle valve. 
Fold low but distinct. 

Width, 20 mm.; width at hinge, 27; length, 10; thickness, about 12; width of 
sinus, 10; depth of sinus, 4 mm. A larger paratype measures: width, 22 mm. ; 
width of hinge, 32; length, 16; thickness, 13; width of sinus, 11; depth of sinus, 
6.5 mm. 

Occurrence.—Holotype from the Sherman Fall formation three miles north of 
Picton, Ontario, Paratype from the lower (7) Cobourg in a road cut on the 
second hill going east from Watertown, New York, on the Carthage Road, about 
to feet below the crest of the hill. 

Discussion—TVhe brachial valve of the holotype is a little crushed, so that the 
exact thickness cannot be measured. This specimen has an additional small costa 
in the sinus, implanted on the right-hand lateral slope. The species is distin- 
guished from all eastern Trenton forms by its large size. In this it agrees more 
with P. precursor and its varieties from the Kentucky-Tennessee area (none of 
which has been reported from the East), but none of them has such an extended 
hinge. The species is more probably related to P. amana, a much smaller shell, 
with fewer lateral coste, and a shorter hinge. 

Platystrophia cf. trentonensis McEwan 
Plate 1, figure 49 
P. trentonensis, MeKwan, 1919, p. 407, pl. 42, figs. 3-6. 


This species, which I have found to be rather common in the middle Trenton 
of New York, seems to be rarer in Ontario, where I have found only a few speci- 
mens. The specimen I am comparing with the species is one from the lower 
Trenton at Eganville, Ontario. It occurs there on a small island in the middle of - 
the village, with other silicified brachiopods (Dinorthis, Rafinesquina, etc,), in 
beds of whose exact age I am uncertain. It is much larger than the type of the 
species and must have been considerably thicker, but considering the variation I 
have found to occur in the New: York specimens I do not feel it would be wise 
to name this single brachial valve. E 
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Width, 27.5 mm.; width of hinge, about 28.5; length, 16; thickness of bra- 
chial valve, 10; width of fold, 10 mm. Coste on fold, 5, in bicostate pattern; on 
each lateral slope, 14. 
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EXPLANATION OF PLATE I (24 ) 


1-16. Platystrophia wxoris, n. sp 9 
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1-3, Holotype; 4-6, paratype eat 2 wide Sam coste; 7, paratype with 
single costa; 8-10, small, juvenile, paratype; 11-13 , paratype with 2 narrow 
coste ; 14-16, paratype with 4 coste. All from Rosemount member of Mont- 
real formation, Montreal North, Quebec. 
moira, Nn. Sp. 

Holotype. Wirkfield formation, Belleville, Ontario. 
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Holotype. Sherman Fall formation, Trenton, Ontario. 
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Holotype. Kirkfield formation, Kirkfield, Ontario. 
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Holotype. Rosemount member of Montreal formation, Rosemount, Mont-~ 
real, Quebec. 
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24-26. Holotype; 27-28, small paratype; 29-30, squeezes of brachial and 
pedicle interiors of a paratype steimkern. All from Rosemount member of 
Montreal formation, Montreal North, Quebec. 
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Holotype. Sian P all formation, Picton, Ontario. 
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Holotype. Middle Trenton, Hull, Quebec. 
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36-37. A bicostate specimen; 58, a unicostate specimen; 39, a specimen 
with 4 costw; 40-41, a specimen of the usual kind, with 5 costs in bicostate 
pattern; 42-43, a tricostate specimen. All from Mile End formation, St. Vin- 
cent de Paul, Quebec. 
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44. Holotype; 45, paratype Il; 46-47, paratype I. All from middle Tren- 
ton, Grondines, Quebec. 
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Holotype. Mile End formation, LePage Station, Quebec. 
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Lower Trenton, Eganville, Ontario. 1.2. 
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50. Pedicle valve with single sinal costa; 51, with no costa; 52, with a sin- 
gle costa which bifureates; 53, brachial valve with two late bifureating 
coste, All from Mile End formation, Le Page Station, Quebee. Ahout x3. 


Unless otherwise noted all figures are a little (about ee, less than natural size. All 
are in the writer’s collection. 
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OBSERVATIONS ON GASTROPOD PROTOCONCHS 
By 


BuRNETT SMITH 


PART III—SOME PROTOCONCHS IN BUSYCON, FUSINUS, - 
HEILPRINIA, HESPERISTERNIA, AND UROSALPINX 


INTRODUCTION 


Parts I and II of these studies appeared as No. 19 of Volume III of Paleeon- 
tographica Americana (Smith, 1945). Part I consists of a review of selections 
from the literature with republication of some earlier figures. Part II contains 
descriptions and figures of protoconch and younger conch whorls in species be- 
longing to the genera Busycon, Fasciolaria, and Plicifusus. Additional Busycon 
material has now become available and this is treated first in the present paper. 
Following are descriptions and figures of apical whorls of species in the genera 
Fusinus, Heilprinia, Hesperisterma, and Urosalpinx. So far, it has not been 
practicable to take up the early whorls of all of the species in any one genus 
and Part III, like Parts I and II, should be regarded merely as a contribution 
to our slowly accumulating knowledge of the gastropod protoconch. 
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SOME PROTOCONCHS IN BUSYCON, FUSINUS, HEILPRINIA, 
HESPERISTERNIA, AND UROSALPINX 


THE PROTOCONCH OF BUSYCON 


This was discussed in Part I (Smith, 1945, p. 14) and in Part I] (Smith, 
1945, Pp. 23-29, 37, pls. 2, 3). In Part II the early whorls of Busycon contrar- 
tum, B. ct. fusiforme, B. coronatum or B. rugosum, B. incile, B. pyrwm, B. ex- 
cavatum, and B. cf. excavatum were described and figured. It is now possible 
to present descriptions and figures of the apical whorls of B. contrarium from the 
Caloosahatchee Pliocene, of B. pyrwin from the Caloosahatchee Pliocene, and 
of B. pyrum from the Florida Pleistocene together with two forms, not consid- 
ered in the earlier paper, which are assigned tentatively to B. rapwm, and to B. 


planulatum. 
PROTOCONCH IN BUSYCON CONTRARIUM 


In Part II the early whorls of Busycon contrarium (Conrad) (Conrad, 1840, 
p- 387; 1861, republication of 1893, p. 81, pl. 45, fig. 11) were described and 
figured in specimens from the Duplin Miocene of North Carolina, the Wacca- 
maw Pliocene of North and South Carolina, and the Recent fauna of North Caro- 
lina. In the present paper the apical whorls of a specimen from the Caloosa- 
hatchee Pliocene (Helen Tucker Rowland Collection 37F/55) are figured and 
briefly described. Its locality is Caloosahatchee River (north bank), about 3 
miles east of Fort Denaud, Florida. This is apparently in section 12, T. 43 S., 
R. 28 E. Hendry County. Figure 1 of Plate 1 depicts the apical whorls of this 
individual. The smooth and rounded stage can be seen early in whorl 1 and 
the change from the riblet or curved-rib stage to the noded and angulated stage 
of the conch at about the end of whorl 1. The largest volution illustrated (parts 
of whorls 2 and 3) shows the noded and angulated stage of the conch. 


PROTOCONCH IN BUSYCON CF. RAPUM 


Well-preserved apical whorls are found in a specimen of the Helen Tucker 
Rowland Collection (71F/24) which is referred with doubt to Busycon rapum 
(Heilprin) (Heilprin, 1887, p. 71, pl. 2, fig. 4). The age is probably Caloosa- 
hatchee Pliocene. The locality is about halfway between Clewiston, Florida, 
and Labelle, Florida at the intersection of Highway 25 with a canal, The point 
is two miles west of the intersection of Highways 25 and 67. It is mapped as 
Pleistocene (Cooke and Mossom, 1920, pl. 2) but the material came from spoil 
banks, and it is believed that the specimen is referable to the underlying Pliocene 
(Cooke and Mossom, 1929, pp. 154, 155). Figure 2 of Plate 1 shows the 
smooth and rounded stage of whorl 1 followed by axial riblets and faint spirals 
late in whorl 1 and early in whorl 2. Incipient angulation can be seen at left 
of second yvolution illustrated. Largest volution illustrated (mostly whorl 2) 
shows the noded and angulated stage of the conch. Figure 3 is of the same in- 
dividual turned counter clockwise about 44 whorl. In the second volution shown 
the transition into the noded and angulated stage can be seen. The largest volu- 
tion at bottom (parts of whorls 2 and 3) shows the noded and angulated stage 
of the conch. Figure 4 depicts the individual in apical view. Smooth and round- 


291 GasTRopoD PROTOCONCHS: BURNETT SMITH 7 


ed stage of the protoconch is followed by a ribbed stage which passes into the 
noded and angulated stage of the conch. The figure shows somewhat more than 
the first three whorls and displays well the relatively simple growth lines of 
whorl 2 and the decidedly curved growth lines of whorl 3. 


PROTOCONCH IN BUSYCON CF. PLANULATUM 


Figure 5 of Plate 1 depicts a side view of the apical whorls of an individual 
in the Helen Tucker Rowland Collection (36F/18) which is tentatively referred 
to Busycon planulatum (Dall) (Dall, 1890, p. 114). The specimen corresponds 
rather well with Dall’s description of the species but it is deemed wiser to make 
the identification provisional. The locality is canal bank 12 and 7/10 miles 
from Moore Haven, Florida, at the intersection of Highways 67 and 25 in Hen- 
dry County. The horizon is Caloosahatchee Pliocene. In whorl 1 is seen the 
smooth and rounded stage and indications of sculpture in the last 44 whorl. 
The noded and angulated stage is established by the beginning of whorl 2. The 
largest volution illustrated (parts of whorls 2 and 3) shows the noded and 
angulated stage of the conch. Figure 6 gives an apical view of slightly more 
than the first four whorls of the same individual, The smooth and rounded 
stage occupies about 34 whorl and is followed by ribbing in the last quarter of 
whorl 1. The noded and angulated stage characterizes whorl 2 and persists 
through whorl 3. In whorl 4 the noded and angulated stage passes into the 
keeled stage. 

Figures 7 and 8 of Plate 1 represent another individual of the Helen Tucker 
Rowland Collection (61F/50) which is tentatively assigned to Busycon planu- 
latum (Dall). This specimen is from the spoil banks of the pits at Acline, Florida, 
which apparently yield fossils of more than one horizon (Tucker and 
Wilson, 1932, p. 357). However, the age in this case is probably Pliocene. 
Figure 7 gives a side view of the apical whorls. The smooth and rounded stage 
is seen at top. Axial ribs or riblets show late in whorl 1 and these are followed 
by the noded and angulated stage in whorl 2. The largest volution illustrated 
(parts of whorls 2 and 3) shows the noded and angulated stage of the conch. 
Figure 8 gives the apical view of a little more than the first four whorls of the 
same individuals. The smooth and rounded stage is followed by ribbing and 
this by the noded and angulated stage which persists through whorl 3, In this 
Acline specimen the nodes are relatively few and elongated in a spiral direction. 
Early in whorl 4 the nodes pass into the keel of the keeled stage which occupies 
the remainder of the whorl. 


PROTOCONCH IN BUSYCON PYRKUM 

In Part II (Smith, 1945, pp. 27, 28, pl. 2, figs. 19-21) occurred a discussion 
and figures of the apical whorls of a form usually assigned to Busycon pyrum 
(Dillwyn) (Dillwyn, 1817, vol. 1, p. 485; Dillwyn (Lister), 1823, pl. 877, fig. 
1). The figures were of Recent individuals from Sanibel Island, Florida. It 

is now possible to add data derived from two Florida fossils. 
Figures 9 and 10 of Plate 1 are side views of the apical whorls of a small 
and apparently immature individual (Helen Tucker Rowland Collection 36F/7) 
which can be assigned to Busycon pyrum in the sense adopted in Part II of these 
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studies. Rather coarse spirals in its later whorls cause a resemblance to Busy- 
con pyrum @epynotum (Dall) (Mansfield, 1930, p. 69, pl. 8, figs. 1,6). The 
specimen is attributed to the Caloosahatchee Pliocene and its locality is canal 
bank 12 and 7/10 miles from Moore Haven, Florida, at the intersection of [liga- 
ways 67 and 25 in Hendry County. In figure 9 can be seen the smooth and 
rounded stage and the early sculpture in whorl 1. The larger volution illus- 
trated shows the noded and angulated stage of the conch. Figu:e io is of tie 
same individual turned slightly. This brings to view (middle volution illus- 
trated) the transitional passage from the early sculpture to the noded and angu- 
lated stage. The volution at bottom (parts of whorls 2 and 3) shows the noded 
and angulated stage of the conch. 

Figure 11 of Plate 1 depicts the apical whorls of an immature in‘ividual 
of Busycon pyrum in the Helen Tucker Rowland Collection (5/11). Its age 
is Pleistocene and the locality is between the Highway 23 bridge and the next 
bridge upstream on Sixmile Creek at Orient, Florida. The figure shows the smooth 
and rounded stage at top and the transitional passage from the early sculpture into 
the noded and angulated stage late in whorl 1 and early in whorl 2. At bottom 
the illustrated volution (parts of whorls 2 and 3) shows the noded and anzu- 
lated stage of the conch. 


INTERPRETATIONS 


In addition to the Busycon data considered in Part I] there are now pub- 
lished figures and brief descriptions of protoconch and early conch features in 
six individuals of Busycon as follows: Busycon contrarium from the Caloosa- 
hatchee Pliocene, B. cf. rapum probably from the Caloosahatchee Pliocene, B. cf. 
planulatum from the Caloosahatchee Pliocene, B. cf. planulatum of probable Plio- 
cene age, B. pyrum from the Caloosahatchee Pliocene, and B. pyrum from the 
Pleistocene of Florida. 

The Busycons studied in the present paper bear out the general conclusions 
already stated (Smith, 1945, pp. 24, 29) that the protocench is relativel, uni- 
form throughout the group and is characterized by an early smooth and rounded 
stage and by a later very short stage of simple sculpture on a rounded whorl. 
This is followed by transition into the noded and angulated stage of the conch. 


THE PROTOCONCH OF FUSINUS 

The protoconch of Fusinus has been considered at some length by Grabau 
(1904, pp. 8, 9, text-figs. 1-3, pl. 17, figs. 1-4). He figures the protoconch in 
Fusinus porrectus (Solander), Eocene; /. acuminatus (Sowerby), Eocene; F. 
asper (Sowerby), Eocene; F. turriculus (Wiener), Recent; F. Jlongirostris 
(Brocchi), Pliocene; F. bred@ (Michelotti), Pliocene and emphasizes its rela- 
tive uniformity of character throughout the genus. References and quotations 
from Grabau’s work have been given in Part I of these studies (Smith, 1945, 
Ppl) 14). 

As noted in Part I (Smith, 1945, p. 14) the uniformity of the Fusimus pro- 
toconch is relative and not absolute. Sturany (1904, pp. 220, 221, pl. 1, figs. 
Ta, 2a, 3a, 3b, 4a, 4b, 4c) has demonstrated a protoconch difference between the 
species Fusinus bifrons (Sturany) and F. paucicostatus (Sturany). 

Mansfield (1935, p. 31, pl. 2, fig. 9) has figured and briefly described the 
protoconch in Fusinus alaguaénsis Mansfield from the upper middle Miocene 
of the Alaqua Creek Valley, Florida. 
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A recent discussion and illustration of the Fusimus protoconch are to be 
found in the work of Gardner (1944, pp. 447, 448, pl. 49, fig. 8). Under the 
generic diagnosis she writes: ““Protoconch of about 114 volutions, the first, large, 
smooth, and tipped up slightly, the last half turn axially costate and delimited 
from the conch by a varical riblet. Conch strongly threaded with spiral cords 
and axially rippled with obtuse ribs most prominent peripherally.” The species 
described with protoconch figured is Fusinus waltonensis Gardner from the 
Alum Bluff group (middle Miocene) of Florida. Its protoconch is stated to 
be “rather small, obtuse, including two smooth whorls and usually about halt 
a whorl that bears an axial sculpture; initial turn inflated, immersed at the tip, 
coiled in a single plane; succeeding volution also tumid at its beginning, flatten- 
ing toward its close, the axially sculptured portion feebly convex ; riblets narrow 
but rather heavy, 15 or 16 of them crowded into half a whorl subequal and uni- 
form in prominence between the sutures. Dividing line between the conch and 
protoconch clearly indicated by a varicose riblet and by the abrupt beginning 
of the post-nuclear sculpture. Both axial and spiral sculpture strongly devel 
oped on the conch.” The figure given shows the smooth and rounded and rib- 
let stages of the protoconch followed by the conch sculpture of axial undulations 
crossed by spirals. 

Typically the protoconch in Fusimus consists of one smooth and rounded whorl 
followed by an axial riblet stage of about 44 whorl. This latter stage is usually 
terminated by a riblet strong enough to be described as a varix. 

The protoconch of another American Miocene Fusinus will now be taken up. 


PROTOCONCH IN FUSINUS EXILIS 


The protoconch and other apical parts are well shown by a specimen (Smith 
Collection, 1222, Pal. Research Inst., No. 20317) from the Yorktown Miocene 
at the western end of Fort Boykin bluffs, Burwell Bay, James River, Virginia 
(Yorktown quadrangle). It can be rather confidently assigned to Fusinus exilis 
(Conrad) (Conrad, 1832, republication of 1893, p. 17, pl. 3, fig. 2; 1861, republica- 
tion of 1893, p. 85, pl. 49, figs. 1, 4). The term Fusinus exilis (Conrad) is here 
used to include F. burnsti (Dall) (Dall, 1890, pp. 126, 127) which would appear 
to be at most a subspecies of F. exilis. The absence of axial undulations in the later 
whorls of Dall’s form does not seem to constitute a difference of sufficient import- 
ance to warrant the erection of a separate species. That the adult and later onto- 
genetic stages in Fusimus are subject to great, and what may well be individual 
variation, is indicated by the work of Grabau (1904, pp. 21-23, 24-30, 46-48, pls. 2, 
5). It is believed that F. burns represents nothing more than an individual variant 
of F. exilis. 

Figures 12 and 13 of Plate 1 depict the apical whorls of the specimen of 
Fusinus exilis which forms the subject of this note. Figure 12 shows the smooth 
and rounded stage of the protoconch and late in whorl 1 the beginning of the 
riblet stage of the protoconch. The largest volution illustrated (parts of whorls 
2 and 3) shows the conch sculptur2 of axial undulations crossed by raised spirals. 
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Figure 13 gives the smooth and rounded stage of the protoconch, at top and 
just below is seen end of protoconch riblet stage and beginning of conch sculp- 
ture. The largest volution illustrated (whorl 3) shows the conch sculpture, 
Shell shape and conch sculpture both indicate that the specimen belongs in 
Fusinus. When to these the characters of the protoconch are added there can 
be no doubt that Fusinus is the proper venus for the specimen. 
Grabau (1904, pp. 90, 91) places “Fusus exilis Conrad” in the genus Heil- 
prinia. This he probably would not have done had the protoconch been known 


to him. 
INTERPRETATIONS 


In the present paper the protoconch and early conch features of Fusinus 
exulis (Conrad) have been figured and briefly described. The protoconch is of 
the “Fusus” or Fusinus type so well described by Grabau (1904) and which ap- 
pears to be relatively uniform in its characters throughout the genus. The conch 
of Fusimus exilis likewise points to a Fusinus reference. In discussing the spe- 
cies as a Heilprinia Grabau (1904, p. 90) says: “The protoconch has not been 
observed, but it 1s most probably of the same type as that of H. caloosaénsis.” 
The protoconch of the specimen of Fusinus exilis here considered can in no way 
be referred to Heilprinia (see Grabau, 1904, pl. 18, fig. 5). 


THE PROTOCONCH OF HEILPRINIA 


The genus Heilprinia of Grabau (1904, p. 87) is based very largely on the 
characters of the protoconch. The protoconch of the genotype, Fusus caloosaén- 
sis Heilprin (Heilprin, 1887, pp. 68, 69, pl. 1, fig. 1), is described by Grabau 
(1904, pp. 87, 88) as follows: 

“The protoconch in the specimens seen has a small rather pointed end, 
and is smooth for about a third of a volution. There is, however, a slight hol- 
low in the upper whorl of some specimens, as if a partial volution had been bro- 
ken away. The smooth whorls are followed by whorls with narrow sharp rib- 
lets, which are close together on the upper part of the whorl, but separate towards 
the center until they are from two to four times their width apart, and then ap- 
proach each other again towards the umbilical side of the whorl, their lower 
ends being hidden by the succeeding whorl. This type of riblets continues for 
about a third or a half volution, after which the riblets become concave forward, 
on the upper part of the volution and convex forward on the lower portion. The 
outline is something like a reversed letter S. The general slope of the riblets 
is downward and forward. After the completion of the first ribbed volution 
the riblets become more crowded, but the interspaces are of irregular width. 
Fine spiral lines make their appearance between the ribs, where they are hard- 
ly visible even with a magnifier. After the completion of over one and a half 
ribbed volutions of the protoconch the riblets merge into the ribs of the conch, 
there being no definite varix. Towards the end the ribs are vertical and sub- 
equally spaced. There appears to be a very fine barely visible spiral sculpture 
on the ribbed portion of the protoconch, traces of which have been seen through- 
out.” 

Grabau’s text leaves no room for doubting that Heilprinia has a proto- 
conch decidedly different from that of Fusinus. His figure of the protoconch in 
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Heilprinia caloosaensis (1904, pl. 18, fig. 5) further demonstrates not only this 
difference from Fusinus but also serves to emphasize the rather unusual char- 
acters of the early whorls in Heilprinia. 

The species Heilprimia caloosaensis was first described from the Caloosahatchee 
Pliocene of Florida. It, or its variety carolinensis, has since been reported from 
the Waccamaw Pliocene of South Carolina (Dall, 1892, p. 234) and from the 
Waccamaw Pliocene of North Carolina (Miller, 1912, p. 256). 

It is now proposed to submit figures and brief descriptions of the apical 
whorls in two specimens from the Carolinas. 


PROTOCONCH IN HEILPRINIA CALOOSAENSIS CAROLINENSIS 


An individual (Smith Collection, 1218, Pal. Research Inst., No. 20318) 
from the Waccamaw Pliocene of Acme, North Carolina, shows rather well some 
of the riblets of the protoconch. The specimen is referred to Heilprinia caloos- 
aensis (Heilprin) variety carolinensis (Dall) (Dall, 1892, p. 234, pl. 14, fig. 
4a). Figure 14 of Plate 1 gives the apical view of the protoconch and in out- 
line a small portion of the conch. The smooth and rounded stage of the proto- 
conch is seen in the first 1/4 or 1/3 of whorl 1 and is followed by the riblet stage 
of the protoconch, partly obscured by weathering, but persisting through about 
2/3 of whorl 2. The early conch sculpture is also obscured by weathering and 
this part of whorl 2 is shown in outline only. Figure 15 is a side view of the 
apical whorls of the same individual. A little of the smooth and rounded stage 
of the protoconch is seen in whorl 1 and this is followed by the riblet stage of 
the protoconch in whorls 1 and 2. The largest volution illustrated (whorl 3) 
shows a weathered conch sculpture of axial undulations crossed by raised spirals. 

Figures 16 and 17 of Plate 1 are of an individual (Smith Collection, 1217, 
Pal. Research Inst., No. 20319) which is likewise referred to Heilprinia caloos- 
aensis (Heilprin) variety carolinensis (Dall). It came from the Waccamaw 
Pliocene of Nixons Landing, Waccamaw River, South Carolina. Figure 16 is 
a side view of the apical whorls. The riblets of the protoconch in whorl 1 are 
much weathered and barely recognizable but in whorl 2 they are better dis- 
played. The largest volution illustrated (whorl 3) shows the conch sculpture 
of axial undulations crossed by raised spirals. Figure 17 gives another side 
view of the apical whorls of the same individual. Here the specimen is turned 
slightly so as to show end of protoconch and beginning of conch. The riblets 
are obscured by weathering in this view of whorl 1 but they are well displayed 
in whorl 2 where they cease abruptly at the end of the protoconch. The conch 
sculpture of axial undulations and raised spirals occupies the rest of whorl 2 
and all of whorl 3 which is the largest volution illustrated. 


INTERPRETATIONS 


Protoconch and early conch features have now been figured and_ briefly 
described for two individuals of Heilprinia caloosaensis carolinensis. In neither 
cf these Carolina specimens is the preservation perfect but between them the) 
give a very fair picture of the features in question. There is a rather good 
agreement with Grabau’s description and figure of the genotype (1904, pp. 87. 
&8, pl 18, fig. 5). Although Heilprinia and Fusinus are superficially much alike 
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in conch sculpture and in fusiform. shape their protoconchs are quite different. 
The protoconch in Heilprinia has a small initial bulb and a very short smooth 
and rounded stage as a rule. A longer smooth and rounded stage (Grabau, 1904, 
p. 89) may constitute an individual variation. The riblet stage of the proto- 
conch, on the other hand, is long and the dispositions, characters, and varia- 
tions in shape of the riblets are unusual. The present writer is not a believer 
in the doctrine that protoconch characters should always govern in classifica- 
tion. Nevertheless here the differences between the protoconchs of Heilprinia 
and Fusinus are so profound that they add great weight to the justification for 
separation of the two genera. However, the two genera appear to be separable 
on conch characters alone (see Cossmann, 1906, p. 227, pl. 13, figs. I, 2). 


THE PROTOCONCH OF HESPERISTERNIA 

The genus Hesperisternia was instituted by Gardner (1944, p. 445) for “a 
small group of species characterized by a naticoid protoconch,” ete. The geno- 
tvpe was designated as Hesperisternia waltonia Gardner. The protoconch of 
the genotype (Gardner, 1944, p. 446) is “‘rather small, smooth, highly polished, 
naticoid including three volutions; initial turn strongly inflated, immersed at the 
tip ; remaining volutions convex, increasing rather rapidly both in height and diam- 
eter. Close of protoconch indicated by a slight thickening of the shell and by 
the first appearance of faint spiral lirae and sharp, crowded incrementals ;” etc. 
The first half turn assigned to the conch is “threaded «vith 3 fine spirals, the 
anterior just visible behind the suture, the medial slightly in front of the median 
horizontal and the posterior midway between the medial lira and the posterior 
suture.” The early axials are fine and sharp, resembling growth lines. Near 
the close of the first % turn of the “conch” the sculpture changes abruptly. 

This assignment of early sculpture to the conch may be questioned but 
the sequence observed can be recognized and seems to agree fully with that 
of the apical whorls of Peristernia filicata (Conrad) (Conrad, 1861, republica- 
titon of 1893, p. 85, pl. 49, fig. 2). The figuves given by Gardner (1044, pl. 49, 
figs. 14, 15, 16) also indicate that Hesperisternia should include Conrad’s spe- 
cies which is accordingly placed in that genus. It is now proposed to submit 
figures and brief descriptions of the apical whorls in Hesperisternia _filicata 
(Conrad). 


PROTOCONCH IN HESPERISTERNIA FILICATA 


The apical whorls are present and well preserved in a specimen (Smith 
Collection, 1234, Pal. Research Inst., No. 20320) of Hesperisternia filicata (Con- 
rad) (Conrad, 1861, republication of 1893, p. 85, pl. 49, fig. 2). It came from 
the western end of Fort Boykin bluffs, Burwell Bay, James River, Virginia 
(Yorktown quadrangle). The age is Yorktown Miocene. ‘Figure 18 of Plate 
I gives an apical view of the first three whorls. Whorl 1 shows the minute 
initial bulb and the smooth and rounded stage of the protoconch which also 
persists through whorl 2 and goes slightly into whorl 3. Early in whorl 3 ap- 
pear fine spirals which are later accompanied by fine axials. This sculpture 
persists to slightly beyond the first 14 of whorl 3. The remainder of whorl 3 
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shows conch sculpture of axial undulations crossed by raised spirals Figure 
19 depicts the apical whorls of the same individual in side view. Whorls 1 and 
2 show the smooth and rounded stage. Whorl 3 shows its end and the begin- 
ning of faint sculpture early in the whorl. The largest volution illustrated 
(parts of whorls 3 and 4) is occupied by the conch stage of axial undulations 
crossed by raised spirals. Figure 20 is another side view of the apical whorls 
of the same individual. Smooth and rounded stage shows in whorls 1 and 2. 
In whorl 3 is seen the change from the faint early sculpture to the coarser sculp- 
ture of axial undulations crossed by raised spirals. The largest volution illus- 
trated (whorl 4) likewise shows the axial undulations crossed by raised spirals. 
INTERPRETATIONS 

The apical whorls of an individual assignable to Peristernia filicata (Conrad) 
have now been figured and briefly described. The sculptural sequence in these 
early whorls is very like that described and figured by Gardner for the genus 
Hesperisternia, (Gardner’s three species of Hesperisternia and the form here 
considered are believed to be congeneric. Apparent discrepancies in the lengths 
of their early stages are not regarded as important. The first fine sculpture is 
placed in the conch by Gardner. The present writer is more inclined to inter- 
pret this first sculpture as either (1) the equivalent ‘of the protoconch riblet 
stage of Fusinus and other genera or to regard it as (2) comparable to the pro- 
toconch-conch transition seen in Busycon. 

Mansfield (1930, p. 64) places Conrad’s species, here called Hesperister- 
nia filicata (Conrad), in the Fasciolariide. Gardner (1944, pp. 442-445) as- 
signs the genus Hesperisternia to the same family. If the more or less  bifur- 
cated columellar ridge or plait in Conrad’s species confirms its proximity to 
Fasciolaria we are again confronted witn the question of different protoconch 
types in closely related forms. Whatever its boundaries the protoconch in Hes- 
peristernia filicata is quite different from the protoconchs found in Fasciolaria 
tulipa, F, apicina, and F. papillosa (Smith, 1945, pl. 3, figs. 4-16). 


THE PROTOCONCH OF UROSALPINX 


The somewhat limited and imperfect evidence in the possession of the 
writer- indicates: that the protoconch in the. genus Uvyosalpiny is large, prom- 
inent, and erect in position. The first half whorl may have. an. axis of coiling 
seemingly discordant with that of the remainder of the whorl. The initial bulb 
is large. The volutions are few and probably do not exceed one and one-half. 
The protoconch is apt to terminate in a strong varix. 

The protoconch has been described and figured in Urosalpinx phriknos 
Gardner and Aldrich (Gardner and Aldrich, 1919, p. 35, pl. 4, figs. 2, 4, 6, 7). 
The description is—‘Protoconch including 14% small, smooth, somewhat flat- 
tened whorls. First half turn partially submerged in the succeeding volution. 
Differentiation between conch and protoconch very sharp.” 

Figures and brief descriptions of some apical whorls in Uvrosalpinx will 
now be given. 
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PROTOCONCH IN UROSALPINX TROSSULUS 


The protoconch and other apical whorls may be present and well pre- 
served in Urosalpinx trossulus (Conrad) (Conrad, 1852, republication of 1893, 
p. 18, pl. 3, fig. 5; 1861, republication of 1893, pp. 84, 85, pl. 48, fig. 6). tigures 
21, 22, and 23 of Plate 1 show the apical whorls of an individual (Smith Collec- 
tion, 1207, Pal. Research Inst., No. 20321) from the western end of the Fort 
Boykin bluffs, Burwell Bay, James River, Virginia (Yorktown quadrangle). 
The age is Yorktown Miocene, [igure 21 is an apical view of slightly more 
than the first two whorls. In whorl 1 can be seen the relatively large initial 
bulb and smooth and rounded stage of the protoconch. This stage also persists 
into the early portion of whorl 2. It is terminated by a strong varix. The conch 
sculpture then begins abruptly and occupies the remainder of whorl 2. igure 
22 is a side view of the apical whorls of the same individual. in it can be seen 
the smooth and rounded stage in whorl 1 and in the early part of whorl 2. The 
volution at bottom (parts of whorls 2 and 3) shows conch sculpture. In figure 
23 the same individual is turned slightly so as to bring to view the end of the 
smooth and rounded stage of the protoconch with its strong terminal varix. 
This is followed by the abrupt commencement of conch sculpture. The largest 
volution illustrated (parts of whorls 2 and 3) shows the conch sculpture. 

Figure 24 of Plate 1 is a side view of the apical whorls of another indi- 
vidual (Smith Collection, 1219, Pal. Research Inst, No. 20322) of Uvrosalpinx 
trossulus from the Yorktown Miocene. This specimen was collected a_ short 
distance northwest of Edenhouse Point, Chowan River, North Carolina (Edenton 
quadrangle). The figure shows the smooth and rounded stage of the protoconch 
ended by a comparatively weak varix. Conch sculpture bezins abruptly in whorl 
2 and can be seen in whorl 3, the largest volution illustrated. 


INTERPRETATIONS 


The apical whorls of two individuals of Urosalpinx trossulus have now been 
figured and briefly described. In the example from Virginia the protoconch 
has a strong terminal varix. In the specimen from North Carolina the varix 
is relatively weak. Neither individual shows a true riblet stage in the proto- 
conch although one may interpret the terminal varix as the vestigial remnant of 
this stage. Differences in the strength of the varix are regarded as falling un- 
der the heading of individual variation. 
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SUMMARY OF PART III 


BUSYCON 

The forms here considered are Busycon contrarium, B. cf. rapum, B. cf. 

planulatum, and B. pyrwm. The protoconch is relatively uniform and its late 
sculpture passes gradually into the conch sculpture. 


FUSINUS 
The apical whorls of Fusinus exilis have been figured and described. The 


protoconch is of the Fusinus type. Both protoconch and conch characters pre- 
clude a reference to Heilprimia. 


HEILPRINIA 
The apical whorls of Heilprinia caloosaensis carolinensis are considered. 
The characters of these whorls are much like those found in the correspond- 
ing whorls of the genotype. Both protoconch and conch features justify the 
placing of the subspecies in Heilprinia. 


HESPERISTERNIA 
The apical whorls of Hesperisternia filicata are studied. The protoconch 
is remarkable for its minute initial bulb and its relatively long smooth and round- 
ed stage. The earliest sculpture may be the equivalent of the protoconch riblet 
stage or it may represent a transitional sculpture between protoconch and conch. 
However bounded the protoconch is quite different from that in certain Fasciol- 
arias—possible near relatives. 
UROSALPINX 
The apical whorls of Urosalpinx trossulus are figured and described. The 
protoconch has a relatively large and somewhat discordant initial bulb and is 
without a riblet stage. Its terminal varix may be strong. The conch sculp- 
ture begins abruptly. 
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PLATE 


PEAR (VOL, PES 25) 


yolution shown is about 1.25 mm. (15) Side view of apical whorls of 
same individual, The largest volution illustrated (whorl 3) has a right- 


left diameter of about 2.5 mm. at the shoulder angle. Pliocene 
(Waccamaw). Acme, North Carolina. Smith Coll., No. 1218. P. R. L, 
No. 20318. 


16,17. Heilprinia caloosaensis carolinensis (Dall) _--——____________ 
Apical whorls of one individual (16) Side view. Largest volution 
illustrated (whorl 3) has a right-left diameter of about 2.5 mm. at the 
shoulder angle. (17) Another side view, the individual being turned 
slightly so as to display end of protoconch and beginning of conch. 
Largest volution illustrated (whorl 3) has a right-left diameter of about 
2.66 mm. at the shoulder angle. Pliocene (Waccamaw). Nixons Land- 
ing, Waccamaw River, South Carolina. Smith Coll., No. 1217. P. R. L., 
No 20319. 
TS-2Onsesperistennianplicatas (Contac!) 
Apical whorls of one individual. (18) Apical view of the first three 
whorls. Whorl 3 has a diameter of about 1.25 mm. (19) Side view 
of the apical whorls of the same individual. The largest volution illus- 
trated (parts of whorls 3 and 4) has a maximum right-left diameter of 
about 1.5 mm. (20) Another side view. The largest volution illustrat- 
ed (whorl 4) has a maximum right-left diameter of about 1.75 mm. 
Miocene (Yorktown). Western end of Fort Boykin bluffs, Burwell Bay, 
James River, Virginia (Yorktown quadrangle). Smith Coll., No. 1234. 
P. R. I., No. 20320. 


Aiieeey, (OKO UDES WAOSSHMOS (((Cossweeval)\ 

Apical whorls of an individual with strong varix. (21) Apical view 
of slightly more than the first two whorls. Maximum diameter of whorl 
2 is about 1.5 mm. (22) Side view of apical whorls. Volution at 
bottom (parts of whorls 2 and 3) has a right-left diameter of about 
1.66 mm. at the lower suture. (23) Another side view of the apical 
whorls of the same individual. Volution at bottom (parts of whorls 
2 and 3) has a right-left diameter of about 2 mm. at the lower suture. 
Miocene (Yorktown). Western end of Fort Boykin bluffs, Burwell Bay, 
James River, Virginia (Yorktown quadrangle). Smith Coll., No. 1207. 
P. R. I., No. 20321. 


An, Uposaliege ossils ((Cormeia)), eS eee 
Side view of the apical whorls. Largest volution illustrated (whorl 
3) has a right-left diameter of about 1.5 mm. at the lower suture. Mio- 
cene (Yorktown). A short distance northwest of Edenhouse Point, Cho- 
wan River, North Carolina (Edenton quadrangle). Smith Coll., No. 
1219. P. RB. I., No. 20322. 


(Figures of Plate 1, drawings by Ethel Ostrander Smith) 
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EXPLANATION OF PLATE I (2s) 


Figure Page 


1. Busycon contrariwm (Conrad) — fe 8 NG) 


Side view of the apical whorls. Largest elect Albeinctad (Gmina of 
whorls 2 and 3) has a left-right diameter of about 6 mm. at the shoulder 


angle. Pliocene (Caloosahatchee). Caloosahatchee River, about 3 miles 
east of Fort Denaud, Florida. Helen Tucker Rowland Coll., No. 37F/55. 


Pviky lenge Gi, Grey, (sleihorenm)) 6 

(2) (8) Side views of the apical whorls of one individual. In figure 

2 the largest volution illustrated (mostly whorl 2) has a right-left diam- 

eter of about 5 mm. at the shoulder angle. In figure 3 the largest volu- 

tion illustrated (parts of whorls 2 and 3) has a right-left diameter of 

about 6 mm. at the shoulder angle. Figure 4 is an apical view of the 

same individual. It shows somewhat more than the first three whorls. 

Maximum diameter of whorl 3 is about 9 mm. Probably Pliocene 

(Caloosahatchee), About halfway between Clewiston, Florida and La- 

belle, Florida. Helen Tucker Rowland Coll., No. 71F/24. 


5,0. Busycon cf. planulatum (Dall) ee eee eee ae ee ee) 17/ 

(5) Apical whorls in side view. Largest arr Ae alee (parts 
of whorls 2 and 3) has a right-left diameter of about 3 mm. at the shoul- 
der angle. (6) Apical view of slightly more than the first four whorls 
of the same individual. Whorl 4 has a maximum diameter of about 9 
mm. at the shoulder angle. Pliocene (Caloosahatehee). Twelve and 7/10 
miles from Moore Haven, Florida, at the intersection of Highways 67 
and 25 in Hendry County. Helen Tucker Rowland Coll., No. 36F/18. 


JES NBOTD (lig jtlermmtoniiiae (UD EN) a Se 7 
(7) Apical whorls in side view. Largest volution illustrated (parts 
of whorls 2 and 3) has a right-left diameter of about 3 mm. at the 
shoulder angle. (8) Apical view of slightly more than the first four 
whorls of the same individual. Whorl 4 has a maximum diameter of 
about 11 mm. at the shoulder angle. Probably Pliocene. Acline, Flor- 
ida. Helen Tucker Rowland Coll., No. 61F/50. 


9,10. Busycon pyrum (Dillwyn) _— ee ie a te es Re EE 7 


Apical whorls of a probably immature qieignale (9) Side view. 
Larger volution illustrated has a right-left diameter of about 3 mm. at 
the shoulder angle. (10) Another side view, the specimen being turned 
slightly. Volution at bottom (parts of whorls 2 and 3) has a right- 
left diameter of about 4 mm. at the shoulder angle. Pliocene (Caloosa- 
hatchee). Twelve and 7/10 miles from Moore Haven, Florida, at the 
intersection of Highways 67 and 25 in Hendry County. Helen Tucker 
Rowland Coll., No. 36/7. 


11. Busycon pyrum (Dillwyn) soe ee eh ul tee ee eee, 
Side view of the apical whorls of an immature inoiyaual Volution 
illustrated at bottom (parts of whorls 2 and 3) has a right-left diame- 
ter of about 4 mm. at the shoulder angle. Pleistocene. Sixmile Creek, 
at Orient, Florida. Helen Tucker Rowland Coll., No. 5F/11. 


12,13. Fusinus exilis (Conrad) —_--.____ ip2ee PN ee Aaa Meee Sy 0 

Apieal whorls of an immature individuals, (12) Side view. Largest 

volution illustrated (parts of whorls 2 and 3) has a right-left diameter 

of about 2 mm. (13) Another side view. Specimen turned slightly. 

Volution at bottom (whorl 3) has a right-left diameter of ‘about 3 mm. 

Miocene (Yorktown). Western end of Fort Boykin bluffs, Burwell Bay, 

James River, Virginia (Yorktown quadrangle). Smith Coll., No. 1222. 

Peels, NO. 20al7. 


14,15. Heilprima coloobine nstsicanolnensisa(Wall): 220 ee _ a0 


Apical whorls of one individual. (14) Apical view of sano and 
in outline a small portion of the conch. Maximum diameter of largest 
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TWO MARINE QUATERNARY LOCALITIES 
By 
BURNETT SMITL 
INTRODUCTION 


Not. counting damage due to human activities the mature geologist may see 
localities of great interest deteriorate markedly during the course of his lifetime. 
Such deterioration may affect the bedrock but is apt to be much more pronounced 
and rapid in the usually soft and unconsolidated surface materials. In these lat- 
ter, however, there may also be relatively sudden happenings of an Opposite na- 
tere, very trying to the landowner perhaps, but of no small benefit to the geolo- 
gist. This paper is intended to present data overlooked or unstressed and also to 
record very vecently exposed and probably temporary sections which may be use- 
ful in dating the marine ( uaternary fossils involved. The localities considered 
are in the Province of Quebec, Canada. The first is the long-known collecting 
ground of the Petite Riviére-du-Loup, near the city of Riviére-du-Loup in the 
county of that name. The second, much less well known, is to be found in the 
bluffs of the Riviére-du-Sud near St. Francois Montmagny (Orleans Sheet), 
Montmagny County. 

The primary emphasis in this paper is stratigraphic. Geologic processes, 
physiography, and lithology are regarded as of secondary importance. For those 
interested chiefly in processes a very useful discussion is to be found in the 
recent work of Washburn (1947, especially p. 82). 

To avoid misunderstanding the present writer points out that the term ‘‘Post- 
Glacial” has a regional or locality value and is used in this sense here. (See Flint, 
1947, Pp. 207). 
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PETITE RIVIERE-DU-LOUP 
FIELD EVIDENCE 
This locality has been known for a long time (Dawson, 1865, pp. 82, 85; 
Dawson, 1894, p. 194) but has usually been cited as simply “Riviere du Loup”. 
As a result one can not be sure whether a fossil so reported has come from the 
stream described by Dawson or from the marine beds, very much higher in alti- 
tude, which have been found within the city of Riviére-du-Loup (Gold- 
thwait, 1913, p. 66). A further complication is caused by Dawson’s use of the 
term “boulder clay” to include fossiliferous marine clays which contain ice-rafted 
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boulders (Dawson, 1894, pp. 190-192). Apparently some later writers have con- 
sidered that Dawson’s boulder clay was necessarily glacial till. Coleman has pre- 
sented evidence for two glaciations at Riviére-du-Loup (Coleman, 1927, pp. 385- 
403) but his text shows clearly that he was not studying the Petite Riviére-du- 
Loup of Dawson. 

The Petite Riviére-du-Loup roughly parallels the shore of the St. Lawrence 
and also the ridge behind Cacouna noted by Dawson (1865, p. 82). It has exca- 
vated a valley in the marine fill of the low ground. The surface of this fill, now ap- 
proximately 75 feet in altitude, constitutes a definite terrace on each side of the 
stream. Its surface is flat and even, varying little in altitude in a stream-wise di- 
rection, but sloping very gently from the north toward the stream. This is the only 
well-developed terrace along the Petite Riviére-du-Loup. For purposes of identi- 
fication it will be referred to as the Petite Riviere-du-Loup terrace. See Plate 1, 
figure 1. Two comparatively small areas on this terrace appear to be boulder 
covered if one may so interpret their rounded sod protuberances. These areas are 
very small compared to the generally smooth terrace on which boulders are very 
few indeed. In any event there is nothing on the terrace surface to suggest the 
uneven topography of ground moraine. 

In the terrace sections so far examined no glacial till has been found by the 
writer. Several of these sections go to the terrace top. Boulders, it is true, are 
present in the terrace material in which the marine fossils occur. However, they 
are not numerous enough to suggest till and the many unbroken marine fossils 
would seem to negative the conclusion that one is dealing with a glacier-shoved 
sea bottom. 

The evidence, physiographic and geologic, indicates that the Petite Riviere- 
du-Loup terrace is simply the remnant of a miniature coastal plain which once 
filled the depressions in the Riviére-du-Loup region. 

Near the mouth of the Petite Riviére-du-Loup and extending some distance 
up its valley is a lower plain 40 to 45 feet below the Petite Riviére-du-Loup ter- 
race already noted. See Plate 1, figure 1. This lower plain may possibly correlate 
with Goldthwait’s Micmac terrace (Goldthwait, 1911, pp. 291-317) though it ap- 
pears a little too high for a Micmac reference. 

Marine fossils so far found by the writer along the Petite Riviére-du-Loup 
are rather surely from the material of the terrace and not from this lower plain. 

In October, 1946 a recent landslide south of the stream showed a fair sec- 

tion of the Petite Riviére-du-Loup terrace materials. In October, 1947 still further 
sliding had taken place. The section extended to the top of the terrace and demon- 
strated beyond question that here the fossiliferous deposit is not overlain by gla- 
cial till. 
On the other side of the valley but farther upstream a number of slumped 
sections also extended to the top of the terrace but showed no till. Unfortunately 
some of these places have been used for the dumping of rubbish including oyster 
shells. These latter may in time cause trouble for the paleontologist. 

The information gathered from the series of sections just considered is most 
helpful in interpreting the conditions at the locality shown in Plate 1, figures 2, 3. 
This station is of especial interest because it has furnished a specimen of Plici- 
fusus kroyeri (Moller) with protoconch rather well preserved. The apical whorls 
of this individual have been described and figured (Smith, 1945, pp. 34, 35, 37, 
text fig. 4, pl. 3, figs. 17-19) and any evidence helping to date the specimen be- 


comes of value. 
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Here most of the fossils are found in what is rather surely landslide or land- 
-iip material. The st.eam is eroding the lower poitions of this slide exposing oc- 
casional fossils. Passing upward the grass-covered surface of the slide or slip 
tises gradually and then more steeply until it reaches the edge of the Petite Rivi- 
cre-du-Loup terrace surface. In the steeper parts of this slope more or less slid- 
ig has exposed the terrace material below the sod. Here also fossils are found. 
The evidence points not to a violent landslide but to a slow creep or flow of the 
material toward the stream. Trees on the slope have been tilted without being 
overturned. The fence at the terrace border has not been destroyed, but portions 
of it have been left “dangling”. In October, 1946, a crack was seen on the terrace 
surface roughly parallel to the terrace margin and close to it. The undisturbed sur- 
face of the terrace gives no indication of glacial till. The same is true of the slop- 
ing disturbed surface of the terrace. 

INTERPRETATIONS 

‘The evidence so far gathered leads to the conclusion that the marine fill of 
the Petite Riviére-du-Loup terrace has never been covered by till and that the 
fossils coming from it are to that extent Post-Glacial. 


RIVIERE-DU-SUD 
FIELD EVIDENCE 

Between Valleville and Montmagny the Riviére-du-Sud valley in the larger 
sense is from two to four miles wide and the higher land both northwest and 
southeast of the valley is composed of bedrock often much disturbed. Inside of 
these rock walls is a relatively flat plain or terrace ranging in altitude from 100 
to 150 feet (Orleans Sheet). This may in places be quite smooth and level for a 
distance of nearly two miles at right angles to the general trend of the valley or 
general course of the river. The contours on the Orleans Sheet indicate that the 
surface of this plain descends gently when followed downstream. The Riviére-du- 
sud has cut an inner valley, widened by meanders, through this plain thereby 
producing an extensive terrace on each side of the stream. Wherever ob- 
served this plain is composed oi scft or loose materials, prevailingly clay or mud. 
No unquestionable glacial deposits were seen either in the river bluffs or upon 
ihe surface of the plain or terrace. 

Near St. Frangois Montmagny a northwestward-cutting meander has pro- 
duced a more or less connected series of bluffs. See Plate 2, figure 4 and Plate 3, 
figures 8, 9. These blufis, though considerably slumped, combine to give a very 
fair picture of the conditions from river’s edge to the terrace surface which here 
‘s approximately 125 feet in altitude. The bluffs are made up of fossiliferous 
inarine clay except for some four or five feet at the top. Under favorable condi- 
tions the marine beds can be seen in place extending downward to the river and 
passing under water. Their known thickness at this locality is 45 to 50 feet. How 
much more may lie below the river is unknown, ~ 

The fundamental cause of the exposure of terrace materials is, of course, 
crosion by the Riviére-du-Sud. Very fair, small, and temporary sections have as 
numeuiate causes rain wash and rilling, slumping, and landslides. 

In October, 1940 an apparently very recent landslide was observed. ‘the sec- 
tion produced was insignificant but the slide must have been of considerable vio- 
lence for its lower part extended far out into the river and had not yet been ap- 
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preciably truncated by river erosion. In one place above the slide the otherwise 
undisturbed clay presented a curving lined gouge which might be likened to slick- 
ensiding in bedrock. 

Between October 7, 1946 and October 8, 1947 minor slides laid bare a 
number of new sections in the Riviére-du-Sud terrace near St. Francois Mont- 
magny. Two of these will now be considered. 

One section is seen in Plate 2, figures 5, 6. Figure 5 shows the relation of 
section to the almost undisturbed terrace surface while figure 6 gives the details 
of the section. In this closer view (fig. 6) the marine fossiliferous clay can be 
seen at base. It is much jointed both vertically and horizontally but the vertical 
joints are predominant. The horizontal jointing is probably determined by bedding 
planes. The marine clay is overlain by a wedge of gravel and cobbles with one 
relatively large boulder. Above the gravel come from one and one-half to two 
feet of laminated sandy material. In places the lamine are brecciated and folded 
though. the bed as a whole is not disturbed. Above the laminated bed come about 
two feet of soil to the top of the terrace. Minor unconformities are believed to 
separate the laminated material from lower units and the gravel from the marine 
clay. Fossils occur in the marine clay and have also been found in the gravel. 
These latter were probably derived from the the marine clay. No fossils have 
been seen in the laminated bed. 

About 150 feet east of the station just discussed a more extensive, if less 
accessible, section was found in the Riviére-du-Sud terrace. This is shown in 
Plate 3, figure 7. Slumped and gullied or rain rilled marine beds below are over- 
lain by a discontinuous layer of gravel and cobbles which is in turn overlain by 
about three feet of laminated material. Above the last is soil, The figure 
shows the terrace surface virtually uneroded at left but passing into the scarp at 
right. 

Proximity and similar sequence in these two Riviére-du-Sud sections make 
the equivalency of their respective units a practical certainty. 

In the Riviére-du-Sud terrace near St. Francois Montmagny boulders are 
found in the marine clay but not in such numbers as to suggest till. The presence 
of numerous unbroken marine shells may be taken as ruling out the conclusion 
that the deposit is glacier-overridden sea bottom. Ice-rafting of the boulders seems 
to give the only logical explanation of their presence in the clay. 

A boulder in the discontinuous gravel and cobble bed is shown in Plate 2, 
figure 6. A boulder in the second section discussed occurred at the top of the 
laminated bed and was apparently in place. i 

As already noted no till has been seen in the sections and the smooth and 
flat terrace surface shows no evidence of ground moraine topography. 

The Riviére-du-Sud terrace at this locality is of particular ,interest to the 
writer because from it came a specimen of Plicifusus kroyerit (Moller) with a 
rather well-preserved, large, and perhaps abnormal protoconch. The apical whorls 
of this specimen have been described and figured (Smith, 1945, pp. 34-36, plate 3, 
figures 20-22). It is therefore important that any evidence on the dating of the 
specimen should be a matter of record. 


INTBRPRETATIONS 
For the Riviére-du-Sud bluffs near St. Francois Montmagny evidence at 
hand indicates a thickness of some 45 to 50 feet of fossiliferous marine clay or mud 


; 
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overlain by a discontinuous layer of gravel and cobbles which in turn is over- 
lain by a laminated sandy bed of fine grain. Minor unconformities separate 
these three stratigraphic units. The laminated bed is capped by a few feet of ma- 
terial which has been classified as soil and which can probably be disregarded in 
any attempt to date the deposits of the terrace. The marine clay or mud at base is 
definitely, even if obscurely, stratified and yields unbroken fossils, some in an ex- 
cellent state of preservation, That such material could have been overridden or 
pushed along by glacial ice is out of the question. Any included boulders are there-- 
fore interpreted as ice-rafted, that is, dropped on the sea bottom by the melting 
of floating sea ice (see Dawson, 1894, pp. 190-192). The overlying discontinuous 
gravel and ccbbie la.er is thin and has not the characteristics of glacial till. Al- 
though marine fossils are found in it these have probably been derived from the 
clay or mud below. As previously stated (Smith, 1945, pp. 35, 36) this coarse de- 
posit is believed to represent a transient fluviatile episode. A like interpretation can 

_ be given the laminated bed which probably accumulated in some short-lived back 
water or ox-bow. The laminze may well depict seasonal changes but there seems 
to be no reason for invoking the proximity of glacial ice to explain them, The cli- 
mate was, however, almost certainly cold. The brecciation and minute folding of 
some of the laminze would seem to correspond with structures encountered in shal- 
low water Paleozoic deposits such as the Chrysler formation and the Elmwood 
waterline (Smith, 1929, pp. 28-30; Smith, 1935, pp. 14, 16, 17, 22, 23). The lam- 
inated bed as a unit is undisturbed, only its lamine are folded or contorted and 
these very locally and not universally. This latter point is stressed for the condi- 
tions here are in no way comparable to those produced by glacial ice which has 
overridden and folded stratified beds and truncated their folds (Clapp, 1908, p. 
528, plate 58, figs. 1, 2 and text fig. 5 on p. 540). 

The Riviére-du-Sud terrace has an extremely even and flat, if somewhat 
sloping, top (Plate 2, figure 4). There is nothing on its surface resembling ground 
moraine topography. It is interpreted as the remnant of a miniature coastal plain 
(Post-Glacial for this locality) which extended tongue-like up a valley flanked by 
bedrock. Its present surface has undergone so little erosion that the original even- 
ness has come down to us intact. In this part of the valley the only erosion of any 
magnitude is that which has been accomplished by the Riviére-du-Sud. 

When one attempts a more precise dating of the stratigraphic units of this 
terrace the matter becomes more speculative. However, as a working hypothesis 
the writer favors the following interpretations. The fossiliferous marine clay is 
assumed to be a single unit until proved otherwise. It was initiated during the pe- 
riod of early subsidence (or rise in sea level) and ice-margin retreat (see Brégger, 
1900, 1901, pp. 650a, 679-685; Johnston, 1917, pp. 9-11, 28, 30). It was com- 
pleted after emergence set in. The gravel and overlying laminated bed are of 
fresh-water origin and belong to the period of emergence (or sea withdrawal). 
The marine clay at the start was contemporary with not distant glacial ice but 
the deposit as a whole is Post-Glacial in a local sense. The gravel and the lamin- 
ated bed are Post-Glacial in the generally accepted broader sense 
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EXPLANATION OF PLATE 1 (26) 
Figure Page 


i Betite Riwaenes ditt lec cya eee ee eer 6 
Terrace (Petite Riviére-iu-Loup terrace) about 15 feet above the 
Highway 10 bridge over the stream. Taken from Highway 10 looking 
upstream. At right a lower plain about 45 feet below the terrace, 
2.. ‘Petite Riviere-du-Loup (te eee 6 
Stream-eroded creep eauende letenal from the Petite Riviére-du- 
Loup terrace which shows in the background, 
3. > Petite Riviere-di= orp jee eee Repose eet 6 


A slightly different view of the creep slide shown in figure 2, Note 
effect of slide on fence at edge of terrace and on tree (extreme left). 


(Figures of Plate 1, photographs by Ethel Ostrander Smith, October, 1947.) 


Pl. 26, Vol. II 
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(Figures of Plate 2, photographs by Ethel Ostrander Smith, October, 1947.) 
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EXPLANATION OF PLATE 2 (27) 


Riviére-du-Sud, near St. Frangois Montmagny 


View from highway on southeast side of river, Note bluffs and 
extremely flat top of 125 foot terrace, St. Frangois Montmagny in the 
background. 


Francois Montmagny “3 Se eee 
Small slide section im the 125 foot terrace of the Rivére-du-Sud. Cam- 
era points away from river. 


7 Erancois: Montmapny === ee 


Closer view of the slide section shown in figure 5. Much jointed ma- 
ine beds (specimen P.R.I., No, 20383) below overlain (just above 
glove) by a wedge of gravel and cobbles which in turn is overlain 
by laminated material (specimen P.R.I., No, 20882), Above the last 
is soil. Note contortion and brecciation of lamin in the laminated 
bed. 
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EXPLANATION OF PLATE 3 (28) 


Figure 


Fat Steykitangois: Miontmia cry os eee eee en re eee eee 
Relatively extensive section at top of the 125 foot terrace of the 
Riviére-du-Sud. This is about 150 feet east of the station shown in 
figures 5 and 6, Slumped and gullied marine beds below are overlain 
by a discontinuous layer of gravel and cobbles which in turn is over- 
lain by about 3 feet of laminate ! material, Above the last is soil. Ap- 
proximate scale may be obtained from the pasture vegetation at top 
of terrace, 
8. Riviére-du-Sud, near St. Frangois Montmagny —-_________ 
Bluffs and ravine-like landslide sear with cone at base, Camera 
points approximately northwest. 


g. Riviére-du-Sud, near St. Frangois Montmagny —-—-______-------- 
View of blnffs, camera pointing downstream, 


(Figures of Plate 3, photographs by Ethel Ostrander Smith, October, 1947.) 
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STUDIES OF CARBONIFEROUS CRINOIDS 


PART I.—A GROUP OF PENNSYLVANIAN CRINOIDS FROM THE 


ARDMORE BASIN 
By 


HARRELL L. STRIMPLE 


INTRODUCTION 


A most interesting assemblage of crinoids has been collected from Pennsyl- 
vanian rocks of the Ardmore Basin in Oklahoma, by Frank Crane of Fort Worth, 
Texas, and Wm. T. Watkins of San Antonio, Texas. These advanced amateur 
paleontologists are to be highly commended for their diligence in the field and 
for their cooperation in placing this material into scientific channels. Specimens 
were collected from the Arnold limestone member, Deese formation, the Pump- 
kin Creek limestone and the Otterville limestone members of the Dornick Hills 
formation. Certain lower members of the Dornick Hills formation are consid- 
ered by Tomlinson (1929) as of Morrow (lowermost Pennsylvanian) age. All 
species studied have been proven new and distinct from those found in other 
Mid-Continent or Texas areas. However, the genera have all been previously 
described. This is to be expected since the Ardmore Basin is known to have 
been more or less isolated from the oceans covering adjacent areas during Penn- 
sylvanian time. Most Pennsylvanian crinoids are primarily statozoic and could 
not be expected to migrate freely under such conditions. 

Three forms are assigned with reservation to the genus Paradelocrinus and 
are described as P. cranei, n. sp., P. regulatus, n. sp. and P. disculus, n. sp. In 
the discussion of Ethelocrinus watkinsi, n. sp., the weakness of the genus Parulo- 
crinus is pointed out, and it is proposed that the older genus, Ethelocrinus, be 
given preference in the assignment of species having a low dorsal cup with only 
two plates in the posterior interradius and for which the arms are not known. 
The species E. ardmorensis, n. sp., E. peridous, n. sp., and £. variabilis, n. sp. 
are described. FE. sphaeri, n. sp. is presented. However, assignment of the latter to 
Ethelocrinus is with hesitation due to the upflared attitude of the infrabasal 
plates which indicates close affinity with such forms as Ulocrinus. Three species 
of Plaxocrinus are described as P. dornickensis, n. sp., P. tumulosus, n, sp. and 
P. puteus, n. sp. The latter species is different from most forms assigned to the 
genus. Two species of Delocrinus are present and are described as D. arma- 
tura, n. sp. and D. aristatus, n. sp. Of unusual interest is the occurrence of a 
bona fide representative of the Permian genus Malaiocrinus which is described 
as M. azygous, n. sp. One species of Lecythiocrinus is described as L. fusi- 
formis, n. sp. Several undescribed species are known from disassociated ossicles 
and from material found on more recent field trips to the Ardmore Basin in south- 
ern Oklahoma. 
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SYSTEMATIC DESCRIPTIONS 
Genus PARADELOCRINUS Moore and Plummer, 1940 

Remarks.—Paradelocrinus was proposed for the reception of forms having 
nearly regular, strong curvature of the sides in profile of the cup, no anal 
plate below the upper limits of the cup, and the subcircular outline in dorsal or 
ventral view. Normal representatives also possess a strong basal invagination 
somewhat similar to Delocrinus. None of the species described below have a 
tunnel-like basal concavity and so assigned to the genus with reservation. 


Paradelocrinus cranei, n. sp. 
Plate 1, figures 1, 2, 3, 7 

Description.—Intrabasal circlet is flat, and outer extremities of the five elements 
are readily visible beyond the large proximal columnal. Basals (BB) are small, 
six-sided plates, slightly longer than wide with proximal portions forming walls 
of the broad, shallow basal concavity. Two BB are larger than the others, and 
are apparently post. B and |. ant. B. Radials (RR) are unusually large, long 
elements, with proximal extremities curved slightly inward to participate in 
basal depression. Distal portions have a strong regular curvature. 

Articular facets are strongly developed. Outer ligamental areas form a thin 
excavation for almost the entire width of the radial and have a short, sharp liga- 
mental pit in mid-section. Transverse ridge occupies entire width of facet but 
is not particularly well defined. A central pit is present, also a short inter- 
muscular furrow. The intermuscular notch is very slight and adsutural slopes 
are interrupted by ridges. The distal surface of radials extend beyond outer 
marginal ridges of the facets. 

No anal plate is preserved in the calyx proper, and arm segments cover the 
area where a small, rudimentary anal X would normally be found in the inter- 
muscular area. 

Only one primibrach (PBr) is preserved. It is low, wide, and the length of 
the lateral sides is almost as great as the maximum height of the plate. Strong 
facets for the reception of two equal-sized SBrBr are present. 

Measurements.— 


Holotype 
Mm. 
Maximum width of dorsal cup 23.9 
Height of cup TRG 
Diameter of proximal columnal 4.5 
Width of primibrach 14.6 
Height of primibrach 5.2 


Remarks.—The only described specimen closely approaching P. cranei is a 
paratype of P. brachiatus Moore and Plummer (1940, pl. 16, fig. 1). That spe- 
cimen differs, however, in having a small column with IBB extending well be- 
yond the impression, and BB are more pointed than observed in P. cranei. 

Occurrence and horigon—Pumpkin Creek limestone member, Dornick 
Hills formation, Pennsylvanian; west side of Lake Murray, south of Ardmore 
in Love County, Oklahoma. 

Holotype.—Collected by Frank Crane. To be deposited in the U. S. Na- 
tional Museum. 
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Paradelocrinus regulatus, n. sp. 
Plate 1, figures 13, 15, 17; Plate 2, figures 2, 5 

Description —Dorsal cup has a broad, flat basal area, within which are found 
the following elements :—a rather large columnar impression; pentagonal-shaped 
IBB disk extending well beyond the circumference of stem; all of the small BB 
except for their distal extremities; and the incurved proximal tips.of the large 
RR. 1B circlet has the outline of a star. The effort of RR to reach the IBB 
circlet leaves a short suture between BB. When viewed from above or below 
the cup is seen to have a subcircular outline. 

Articular facets are well preserved; ligamental pit is sharp and narrow; trans- 
verse ridge is weak; intermuscular furrow well defined and is flanked at mid- 
length by two rounded oblong pits; intermuscular notch is hardly perceptible ; 
adsutural slopes are negligible. There is a notch for the reception of rudiment- 
ary anal X between articular facets. 


Measurements.— 
Holotype 
Mm. 
Maximum width of dorsal cup 14.0 
Height of dorsal cup 5 
Diameter of proximal columnal 3:0 


Remarks.—The elongate radials of this species is similar to both P. cranei 
and P. brachiatus Moore and Plummer. However, P. regulatus is readily dis- 
tinguished by its broad, flat basal plane. Structure of the basal elements is 
rather close to P. brachiatus as shown by the paratype illustrated by Moore and 
Plummer (1940, pl. 16, fig. 1), but the BB are more elongated and pointed in 
that specimen. There are other obvious fundamental differences. 

Occurrence and horizon—Pumpkin Creek limestone member, Dornick Hills 
formation, Pennsylvanian; west side of Lake Murray, south of Ardmore in Love 
County, Oklahoma. 

Types.—Collected by Wm. T. Watkins. To be deposited in the U. S. Na- 


tional Museum. 
Paradelocrinus disculus, n. sp. 
Plate 3, figures 15, 16 


Description —Dorsal cup broad and very shallow. Basal plane unusually 
broad with slight depression except for the mildly impressed columnar impres- 
sion. Five regular IBB form a moderate-sized pentagonal-shaped disk. Five 
small BB form a more or less star-shaped outline. The RR are exceptionally 
large in comparison to the other calyx plates. Lateral sides of the cup are 
formed by the sharply upcurved outer extremities of RR. Articular facets are 
normal subhorizontal shelves. The author has failed to find any evidence of a 
notch between the articular facets for reception of a rudimentary anal plate. 

Measurements.— 


Holotype 
Width of dorsal cup 14.1 mm. 
Height of dorsal cup 3.1 mm. 
Ratio of height to width 0.22 


Diameter of stem impression T.Q mm. 
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Remarks.—P. disculus is a highly divergent representative of the genus, if 
indeed these forms under present study are true members of Paradelocrinus. 
It is readily distinguished from all other described forms by the broad, flat, shal- 
low nature of the dorsal cup. 

Occurrence and horizon.—Otterville limestone member, Dornick Hills forma- 
tion, Pennsylvanian; approximately five and one-half miles north of Ardmore, 
Oklahoma, on U. S. Highway 77. 

Holotype.—Collected by Frank Crane. To be deposited in the U. S. Nation- 
al Museum. 

Genus ETHELOCRINUS Kirk, 1937 
Ethelocrinus watkinsi, n. sp. 
Plate 3, figures 10, 17; text figure 1 

Description Dorsal cup is large, shallow and bowl-shaped. IBB circlet is 
not preserved but the structure of basals indicates a shallow invagination. BB 
are five robust elements. Post. B is truncated for the reception of the large anal X 
above and is restricted in development by RA to the right. RR are five moderate- 
sized pentagonal plates. L. post. R is not preserved. L. ant. B and r. post. R are 
small and have less than r. ant. R or ant. R. RA is slightly smaller than anal X. 
No RX is present. There is no definite evidence of ornamentation except for an 
irregular appearance of the outer surfaces of the plates. 

There are 12 bona fide biserial arms. However, in the r. post. ramus the outer 
ray divides in its upper portion with no evidence of an axillary SBr. This is 
considered by the author to be an abnormality, probably representing a regener- 
ative mutation through accidental loss of a portion of the arm. All rami 
bifurcate with the PBrBr and apparently the inner rays bifurcate again with the 


rant. 


Figure 1. Diagrammatic sketch of the holotype of Hthelocrinus watkimsi, n. sp. 
£ g Y} 
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first SBrBr in the two posterior rami. At least this is the case in the r. post. 
ramus, and there are three arms known to be present in the |, post. ramus. .Pin- 
nules are of moderate size and attain considerable length, 

Column has not been observed. 

Measurements.— 


Holotype 
Mim. 
Height of dorsal cup Zi On 
Maximum width of dorsal cup 32.0 
Length of r. ant. B 15.0 
Width of r. ant. B ee 
Width of r. post. R 15.1 
Length of r. post. R Fel 
Length of r. ant. R 10.0 
Width of r. ant. R 17.0 
Width of anal X 14.2 
Length of anal X 13.0 
Length of arms as preserved Sua; 


Remarks.—Ethelocrinus watkinsi is another example of the varied manifes- 
tations found among representatives of this genus. If only the dorsal cup were 
preserved, assignment of the species would be to Parwlocrinus Moore and Plum- 
mer (1940) rather than to Ethelocrinus irk (1937), not on the basis of the geno- 
type, but through precedent established by Moore and Plummer in 1940, and 
subsequently followed by most authors. In Ulocrinus blairi Miller and Gurley 
(taken as the genotype of Parulocrinus) the IBB’ have a decided upflared 
attitude, albeit these plates are barely visible in side view of the dorsal cup. 
Sutures are flush with the outer surfaces, and the calyx has a spherical shape 
which, due to the protrusion of the left posterior region, is asymmetrical in outline. 
The form used as typical, ipso facto, for the genus is Parulocrinus marquisi Moore 
and Plummer, in which species there is indication of a mild basal concavity, strong- 
ly impressed sutures, and ten biserial arms. When dealing with calices devoid of 
arms it has become common to assign only those forms having strong tubercles 
to Ethelocrinus, mainly because E. magister (Miller and Gurley), the genotype, 
possesses tubercles. The weakness in classification is demonstrated by EF. 
millsapensts Moore and Plummer, which, although devoid of tubercles, was of 
necessity assigned to the genus due to the arm structure. Another demonstration 
of fallacy was disclosed by a specimen of F. oklahomensis Moore and Plummer 
figured by Strimple (1940, pl. 1, figs. 1-3) wherein ten biserial arms were recorded 
for that species. Apparently Moore and Plummer were inclined to assign E. 
oklahomensis to their Parulocrinus on the basis of this evidence because they 
listed the species as P. oklahomensis (1940, p. 364) although elsewhere in the 
paper they assigned it to Ethelocrinus. The specimen in question did not conform 
to the assumed generic characteristics and subsequently has been ignored, proba- 
bly on the grounds that the dorsal cup was not connected to the arms im toto. Even 


* Estimated. 
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casual comparison of the ornamentation shown on the PBrBr with that of the 
calyx plates (which were actually found intimately associated with the arms) 
discloses they are of one and the same species. Although not figured, some of 
the fractured portions of the radial plates match the portions of the radial 
plates attached to the PBrBr. ; 

In recent years, four specimens have- been found which prove beyond doubt 
that Ethelocrinus plattsburgensis Strimple is properly assigned to Ethelocrinus 
on the basis of arm structure. It has been listed under Parulocrinus by Moore 
and Plummer (1940), Bassler and Moody (1943), and Moore and Laudon (1944). 
As additional specimens are found with arms preserved the problem will solve 
itself, but on the basis of existing evidence Paruwlocrinus has no valid standing. 
There is no apparent justification for separation of U. blaivi from other species 
of Ulocrinus Miller and Gurley, therefore, it is proposed to place Parulocrinus in 
synonymy under that genus. The balance of described species formerly assigned 
to Parulocrinus should be designated as Ethelocrinus; however, it is recognized 
that a separate genus is desirable for such species as Ethelocrinus marquisi 
(Moore and Plummer) and FE. oklahomensis (Moore and Plummer), where only 
ten biserial arms are present. Future studies will probably disclose the regressive 
evolution of Ethelocrinus to ten-armed forms. The author has observed the 
evolution of Ulocrinus to forms having a basal concavity ; however, without know- 
ledge of the arm structures it is impossible to determine whether such species are 
ethelocrinids or ulocrinids. In the meanwhile the older genus, Ethelocrinus, is 
best adapted for the reception of species having a low dorsal cup with only two 
anal plates present. 

Ethelocrinus watkinsi is characterized by the robust anal X, relatively small 
and obliquely placed RA and the irregular-sized RR. 

Occurrence and horizon—Arnold limestone member, Deese formation, lower 
Pennsylvanian; west side of Lake Murray, south of Ardmore in Love County, 
Oklahoma. 

Holotype-—Collected by Wm. T. Watkins. To be deposited in the U. S. 


National Museum. 
b. Ethelocrinus sphaeri, n. sp. 


Plate 1, figures 4-6, 9 

Description —This species is represented by a single well-preserved dorsal cup. 
IBB are five regular elements forming a slightly convex, pentagonal-shaped disk 
which rests slightly above the basal plane. BB are five tumid elements. That 
of the posterior carries anal X above and the large quadrangular RA to the right. 
RR are considerably wider than high, with articular facets sloping inward. Outer 
ligamental area is narrow and bounded externally by a slight marginal ridge, inter- 
nally by a strong transverse ridge. 

Outer surfaces of calyx elements are rough appearing but there.are no decided 
nodes. Borders of all plates except IBB are bent inward to produce moderately 
deep furrows. Regularly spaced ridges along the sutures occur about one to a 
millimeter. Just above midheight of RR a strong ridge is present causing distal 
portion of each radial to have a subhorizonal position. 

Measurements.— 


Holotype 


Greatest width of cup 21.8 mm. 
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Height of dorsal cup 10.7 mm. 
Ratio height to width 0.52 
Diameter of body cavity 9.9 mm. 
Height of basal cavity 1.0 mm. 
Width of IBB circlet 7.5 mm. 
Width of stem impression 3.8 mm. 
Length of basal plate to.8 mm. 
Width of basal plate 10.8 mm. 
Length of radial plate 8.8 mm. 
Width of radial plate 13.6 mm. 
Length of transverse ridge 9.6 mm. 
Length of infrabasal plate 4.9 mm. 
Width of infrabasal plate 4.3. mm. 
Length of radianal 6.5 mm. 
Width of radianal 5-4 mm. 
Length of anal X 6.8 mm. 
Width of anal X 3.9 mm. 
Length of suture between basals 5-2 mm. 
Length of suture between radials 4.0 mm. 


Remarks.—The most distinctive characteristics of this species are: irregular 
surface of all calyx elements, approaching but not attaining nodose ornamentation ; 
almost horizontal surface formed in the distal portion of each radial ; mildly convex 
IBB circlet which is above the basal plane and therefore not visible in side view 
of cup; and tumidity of BB. EF marquisi (Moore and Plummer) has a strong 
ridge forming a girdle near the rim of the dorsal cup, but the area above it is in 
the form of a shallow furrow, and in addition the species has nodose ornamentation. 

Occurrence and horizon—Pumpkin Creek limestone member, Dornick Hills 
jormation, Pennsylvanian; west side of Lake Murray, south of Ardmore in Love 
County, Oklahoma. 

Holotype.—Collected by Wm. T. Watkins. To be deposited in the U. S. 


National Museum. 
Ethelocrinus ardmorensis, n. sp. 
Plate 2, figures 9, 12, 15 


Description—Although the holotype of this species is not perfectly preserved, 
all essential calyx elements are present and familiarity with the group permits 
reasonable accuracy in reconstruction. Of considerable interest and diagnostic 
importance is the strongly downflared attitude of the IBB. BB are five, large 
plates, that of the posterior sacrificing considerable area to the large RA. RR are 
wide, heavy elements, curving evenly inward to form a subhorizontal shelf termin- 
ating with a thin ridge forming the outer boundary of the outer ligamental area. 
Ligamental pit is well defined and is backed by a sharp transverse ridge. Articular 
facets slope slightly inward; adsutural slopes are almost absent; and muscle 
areas are shallow. 

No granular or nodular ornamentation is present ; however, the calyx elements 
are not perfectly smooth. Sutures between the cup plates are in deep, V-shaped 
depressions, and are marked by alternating pits and ridges—approximately four 
ridges to three millimeters. 
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Stem impression is small, round, heavily crenulated, and is pierced by a penta- 
lobate lumen. 
Measurements.— 


Holotype 
Greatest width of dorsal cup 26.0 mm. (est.) 
Height of cup 13) 5) mim: 
Katio height to width 0.52 (approx. ) 
2 


5 
Height of basal concavit) 2.7 mm. 

2 

3 


Width of IBB circlet 7.3 mim. 
I 


Width of stem impression mm. 
Length of basal plate 12.5 mm. 
Width of basal plate 3.3 mm. 
Length of radial plate 11.0 mm. 
Width of radial plate 17.2 mm. 
Length of transverse ridve 11.4 mm. 
Length of infrabasal plate 5-3 mm. 
Width of infrabasal plate 3.7 mim. 
Length of RA ? 
Width of RA 6.5 mm. (est.) 
Length of suture between basals 9.3 mm. 
Length of suture between radicals 8.0 mm. 


Remarks.—No described species of this group has an IBB circlet similar to that 
found in E. ardmorensis, 1.¢c., strongly downflared but curved sharply upward prior 
to junction with BB. There are some forms known which have decided: 
invagination but none compare to this extreme development. 

Occurrence and horizon—Pumpkin Creek limestone member, Dornick Hills 
formation, Pennsylvanian; west side of Lake Murray, south of Ardmore in Love 
County, Oklahoma. 

Holotype.—Collected by Wm. T. Watkins. To be deposited in the U. S. 
National Museum. 

Ethelocrinus magnus, n. sp. 


Plate 2, figures 1, 3, 4, 6 


Description.—Dorsal cup of holotype is somewhat compressed but all features 
are excellently preserved. IBB circlet is flat, has a pentagonal outline, and extends 
well beyond the columnar scar. BB are five large elements with proximal por- 
tions curved under to form much of the shallow basal concavity. Post.B is 
smaller than others due to large, quadrangular-shaped RA to the right and rela- 
tively large anal X above. RR are five wide elements, those of the posterior 
being slightly smaller than the other three. 

Ornamentation consists of large tubercles. There is a tendency toward swell- 
ing in the distal median portions of IBB. A row of circular-shaped nodes are 
found around the outer portion of RR, either three or four to each side, and some 
ten nodes occupy the median area of each radial. Sutures between plates are 
deeply impressed. Large nodes are also found along the proximal border of RR. 
However, some are inclined to be vertically elongate, particularly along the 
lateral sides of the radials. Tubercles have almost entirely fused to form a solid, 
heavy horizontal ridge which curves sharply over and produces a depressed upper 
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facet at the distal extremities of RR. 

Outer ligamental area is pronounced and is bound by a strong ridge. There 
is a sharp ligamental pit. Transverse ridge is well developed and has a tend- 
ency to become narrow in midlength. Light intermuscular furrow is flanked by 
two circular depressions and three or four shallow elongate furrows radiate from 
these pits. The entire articular facet slopes slightly inward. 


Measurements.— 

Holotype 
Greatest width of cup 32:2 mm. * 
Height of dorsal cup 12.1 mm. 
Ratio height to width OBsn 
Diameter of body cavity 14.2 mm. * 
Width of IBB circlet 10.7 mm. 
Width of stem impression 5-0 mm. 
Length of basal plate 15.7 mm. 
Width of basal plate 15-7 mm. 
Length of radial plate 13.2 mm. 
Width of radial plate 19.0 mm. 
Length of infrabasal plate 5.0 mm. 
Width of infrabasal plate 5.0 mm. 
Length of transverse ridge 13.3 mm. 
Length of radianal 11.5 mm. 
Width of radianal 9.0 mm. 
Length of anal X 10.0 mm. 
Width of anal X 6.9 mm. 
Length of suture between basals ‘9.0 mm. 
Length of suture between radials 5-7 mm. 


Remarks.—Ethelocrinus magnus is similiar to E, marquisi (Moore and 
Plummer) from which it differs mainly in having more pronounced ornament- 
ation and in the position of the articular facets of RR. The outer ligamental 
area of E. marquisi is plainly visible in side view of the dorsal cup but is entirely 
obscured from side view in E. magnus. The present species also has a more 
decidely depressed area above the girdlelike rim formed at the upper extremities 
of RR, Another significant difference is the greater H/W ratio of RR in P. 
marquist 

Occurrence and horizon.—Pumpkin Creek limestone member, Dornick Hills 
formation, Pennsylvanian; west side of Lake Murray, south of Ardmore in Love 
County, Oklahoma. 

Holotype—Collected by Wm. T. Watkins. To be deposited in the U. S. 


National Museum. 
Ethelocrinus peridous, n. sp. 


Plate 2, figures 11, 13, 14, 16 
Description—TVhis form is represented by two dorsal cups and is the largest 
cf the group under study. Dorsal cup is broad and shallow with base shallowly 
invaginated. IBB are five, confined to basal invagination, and subhorizonal in 


* Approximate 
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attitude. BB are five very large plates which sweep out of the concave base. 
Post. B is narrow due to encroachment of large quadrangular-shaped RA. Anal 
x is robust and rests solidly on truncated upper extremity of post. B. RR are 
large five-sided elements with a subhorizontal area in front of articular facets. 
Excessive weathering has almost obliterated details of large articular facets. 
A ridgelike development accentuates the outline of every plate, and the sutures 
rest in V-shaped depressions. Minute pits and ridges interrupt the sutures. 
Surfaces of all plates are uneven in a manner indicating weak nodular 
ornamentation. 


Measurements.— 

Holotype 
Greatest width of cup 38.5 mm. 
Height of dorsal cup 15.7 mm. 
Ratio height to width O.41 
Diameter of body cavity 20.3 mm. * 
Height of basal cavity 2.7 mm. 
Width of IBB circlet 9.8 mm. 
Width of stem impression 4.8 mm. 
Length of basal plate 19.6 mm. 
Width of basal plate 17.7 mm. 
Length of infrabasal plate 6.3 mm. 
Width of infrabasal plate 4.2 mm. 
Length of radianal i 13.2 mm. 
Width of radianal 10.7 mm. 
Length of anal X g.2 mm. 
Width of anal X 6.8 mm. 
Length of suture between basals 12.7 mm. 
Length of suture between radials 5.1 mm. 


Remarks.—Ethelocrinus peridous is most readily distinguished from other 
described species by the profile of the cup and in various proportionate ratios. 

Occurrence and horizon.—Otterville limestone member, Dornick Hills formation, 
Pennsylvanian; approximately 544 miles due north of Ardmore, Oklahoma, on 
U. S. Highway 77. 

Holotype—Collected by Frank Crane. To be deposited in the U. S. National 


Museum, 
Ethelocrinus variabilis, n. sp. 


Plate 1, figures 8, 10, 11 


Description —Dorsal cup is very deep and has a broad flat base. IBB disk is 
lage and is almost flat. Stem facet is proportionately small, round, and pierced 
by a pentalobate lumen. BB are large full elements; that of, the posterior is 
larger than normal for these forms due to pronounced reduction in size of RA. 
Connection between RA and r, post. B is entirely lost, and RA is in strong contact 
with |. post. R, supporting a slightly smaller anal X above. There are no V-shaped 
impressions at the sutures. However, the sutures are mildly depressed and have 
the typical interruption caused by small pits. Surfaces of calyx plates are mildly 
uneven but no decided ridges or nodes are present. There is a slight flattened 
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area beyond the outer ligamental pit, and the articular facets slope slightly 
inward. 


Measurements.— 


, Holotype 
Greatest width of cup 28.2 mm. 
Height of dorsal cup 15.1 mm. 
Ratio height to width 0.54 

Diameter of body cavity 14.1 mm. 
Height of basal concavity a 0.0 mm. 
Width of IBB circlet 10.1 mm. 
Width of stem impression Rete Ubi 3.7 mm. 
Length of basal plcte 15.1 mm. 
Width of basal plate 15.5 mm. 
Length of radial plate 17.3 mm. 
Width of radial plate 17.2 mm. 
Length of infrabasal plate 5.3 mm. 
Width of infrabasal plate 5.0 mm. 
Length of transverse ridge 13.2 mm. 
Length of radianal ; 6.4. mm. 
Width of radianal 6.4 mm. 
Length of anal X 8.4 mm. 
Width of anal X 5-9 mm. 
Length of suture between basals 8.1 mm. 
Length of suture between radials 6.7 mm. 


Remarks.—Ethelocrinus variabilis is easily distinguished from other described 
forms by its unusual height, tumid basals, structure of post. IR, and flat basal area. 

Occurrence and horizon.—Otterville limestone member, Dornick Hills forma- 
tion, Pennsylvanian ; approximately 4 84 miles due north of Ardmore, Oklahoma, 
en U. S. Highway 77. 

Holotype—Collected by Frank Crane. To be deposited in the U. S. National 


Museum. 
Plaxocrinus dornickensis, n. sp. 


Plate 2, figures 7, 8, 10; text figure 2 


Description —The species has a large, low, smooth, unornamented dorsal cup, 
and rather deep, broad basal invagination. Columnar scar is circular in outline 
and is crenulated. IBB circlet extends well beyond the stem impression, is slightly 
downflared, and is pentagonal in outline. BB are five, of moderate size, and 
curve evenly out of basal concavity. Post. B carries anal X above and RA to 
the right. RX rests directly on RA and obtains support from anal X to the left. 
There is an even curvature to the RR with proximal portions extending into the 
basal plane. Posterior interradius is depressed and well defined. 

Articular facets are strong, slope decidely outward, and are narrower than 
the greatest width of RR. Outer ligamental area is narrow, occupies the full width 
of articular facet, and is bounded by a fine outer ridge. A sharp ligamental pit 
is in midportion of the ligamental area. Transverse ridge is not particularly 
pronounced but is rather broad except just above the ligamental pit where it 
becomes very narrow. There are well-defined intermuscular notches, muscle 
areas, and adsutural slopes. When the calyx is viewed from above the outer 


16 PALHONTOGRAPHICA AMERICANA (III, 23) 334 


Figure 2. Sketch of primibrach in side view probably belonging to Plaxocrinus dornick- 
ensis, n. sp. 


ligamental area is not visible. 


Measurements.— 
Holotype 
Mm. 
Maximum width of dorsal cup Pie 
Height of dorsal cup (to transverse ridge) 5-5 
Width of posterior interradius 5.8 
Width of columnar impression 3.9 


Remarks.—All Plaxocrinus species are similiar in general appearance but are 
readily separable under close study. P. perwndatus Moore and Plummer is the 
only described species that might be confused with P. dornickensis. In P. 
perundatus the basal concavity is not so pronounced, depression of post. IR is 
more moderate, and the articular facets do not slope so strongly outward. 

This is the most common species found in the formation. A peculiar primi- 
brach is found imbedded in the matrix covering the upper portion of a paratype. 
The same type, PBr Br, is rather common in the formation and is also certain 
to belong to the species. Basal facet of PBr is rectangular in outline; lower 
outer surface curves strongly downward from the base and thence evenly upward 
to a point about even with the midsection of basal facet, after which it progresses 
more gradually to the point. Upper facet is divided into two triangular-shaped 
muscle areas by a strong ridge which would receive the two secundibrachs. 
Each large area is divided into two more or less triangular-shaped muscle areas. 
A somewhat similiar PBr is described by Moore, 1938, as Acantharthropterwm 
acutum (group and section designations), from the Cherokee shale, Des Moines 
series, The main difference seems to lie in the muscle (or articular) facets. 

Occurrence and horizon.—Pumpkin Creek limestone member, Dornick Hills 
formation, Pennsylvanian; west side of Lake Murray, south of Ardmore in Love 
County, Oklahoma. 

Types.—Collected by Wm. T. Watkins and Frank Crane. To be deposited in 
the U. S. National Museum. 


Plaxocrinus tumulosus, n. sp. 

Plate 1, figures 12, 14, 16, 19 
Description Calyx structure is normal for the genus. IBB circlet is slightly 
concave, extending beyond the columnar impression. BB are five large, tumid 
elements. Post. B supports anal X above, RA is in an oblique position to the 
right and in turn supports RX above. RR do not participate in basal plane due 
to bulbosity of BB. Outer surfaces of RR are nearly horizontal in the proximal 
region, curve strongly upward in midsection, and are almost vertical in distal 
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region. Articular facets are sloping mildly outward and do not quite cover the en- 
tire width of RR; no intermuscular furrow is present; and intermuscular notch 
is broad and weak. Posterior interradius is slightly depressed. 

Measurements.— 


Holotype 
Mm 
Maximum width of dorsal cup 29.1 
Height of dorsal cup (to transverse ridge) 4.5 
Width of post. IR 6.3 
Width of columnar impression 4.7 


Remarks —The only described species which are closely similar to P. tumu- 
losus are P. perundatus Moore and Plummer and P. obesus Moore and Plummer. 
In both of these species the distal portions of RR are almost vertical. P. perwn- 
datus has no strong tumidity of BB, deep basal concavity, and the area between 
articular facets is wider. In P. obesus the BB are smaller and narrower and do 
not reach the basal plane. Also the posterior interradius is convex rather than 
concave. 

Occurrence and horizon —Pumpkin Creek limestone member, Dornick Hills 
formation, Pennsylvanian; west side of Lake Murray, south of Ardmore in Love 
County, Oklahoma, 

Holotype.—Collected by Wm. T. Watkins. To be deposited in the U. S. Na- 


tional Museum. 


Plaxocrinus puteus, n. sp. 
Plate 3, figures 1, 2, 5, 7 
Description.—Five IBB form a pentagonal disk which is downflared and is 
covered in the main by the round stem impression. Five BB are bulbous and 
curve strongly out of the basal concavity. Five RR are strongly convex with 
articular facets inclined evenly outward, Each: radial carries a pair of mild 
bulges which unite with neighboring bulges of the adjoining basals. In addition 


a raised ridge diverges from the point of maximum bulge on each radial to al- 
most meet similiar ridges of adjacent RR. This feature accentuates the hollows 
formed at the angles between plates of the radial and basal circlets, particularly 
at the distal tip of each basal plate. All angles between plates of the posterior 
interradius are marked by dimplelike depressions. Post. IR is rather broad and 
is composed of three large plates. Anal X is in solid contact with post. B; RA 
is obliquely placed in contact with r. post. B below, with anal X to the left, r. 
post. R to the right and RX above. The articular facets are less then the great- 
est width of RR. Ligamental pit furrow is thin with a wide ligamental pit in 
midsection. A central pit is present but there is no intermuscular furrow con- 
necting it to the intermuscular notch. Lateral furrows are pronounced and to- 
gether with the lateral ridges, surround triangular-shaped muscle areas. 


Dorsal cup plates are devoid of ornamentation. 


Measurements.— 
Holotype 
Height of dorsal cup 4.9 mm. 
Maximum width of dorsal cup 17.6 mm. 
0.28 


Ratio of height to width 
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Height of basal concavity 1.6 mm. 
Diameter of stem impression 2.3 mm. 
Remarks.—Although a moderately deep basal concavity is present in Plaxocrinus 
puteus and IBB and plates have a downflared attitude as found in Perimestocrinus 
Moore and Plummer, there are no steep walls formed by the proximal extremities 
of BB. Assignment to Plaxocrinus Moore and Plummer is made with reservation. 
The species is readily distinguished from other described forms by the dimplelike 
depressions formed at the angle of meeting between plates of the BB and RR 
circlets and between plates of the post. IR. 
Occurrence and horizon.—Otterville limestone member, Dornick Hills forma- 


tion, lower Pennsylvanian ; approximately 514 miles north of Ardmore, Oklahoma, 
on U. S. Highway 77. 
Holotype—Collected by Frank Crane. To be deposited in the U. S. National 


Museum. 
Genus DELOCRINUS Miller and Gurley, 1890 


Delocrinus armatura, n. sp. 
Plate 3, figures 3, 6 
Description—Dorsal cup is small and heavily ornamented. IBB are five 
small elements confined to the funnel-shaped basal concavity. BB are five 
moderate-sized elements with proximal portions forming walls of basal invagin- 
ation and curving outward and upward so that upper extremeties participate in 
outer calyx walls. Post B is truncated for reception of the small narrow, 
elongate anal X. RR are five pentagonal-shaped elements with greater width 
than length. Articular facets are subhorizontal. Sutures between plates of BB 
and RR circlet are mildly impressed. Ornamentation consists of irregular swollen 
tubercles which are more pronounced on the RR than on the BB. Stem im- 
pression is circular in outline. Arms are unknown, 
Measurements.— 


Holotype 
Height of dorsal cup 5-0 mm. 
Maximum width of dorsal cup 11.0 mm. 
Ratio of height to width 0.45 
Height of basal concavity 1.0 mm. 
Diameter of stem impression 1.4 mm. 


Remarks.—Delocrinus armatura is somewhat similiar to D. parinodosarius 
Strimple from the Wewoka formation. In the latter species the nodes are more 
spinelike, sutures are more impressed, and the upper extremities of RR curve 
inward to form a subhorizontal area. 

Occurrence and horizon.—Pumpkin Creek limestone member, Dornick Hills 
formation, lower Pennsylvanian; west side of Lake Murray, south of Ardmore 
in Love County, Oklahoma. . 

Types.—Collected by Wm. T. Watkins. Holotype to be deposited in the U. S. 


National Museum. 
Delocrinus aristatus, n. sp. 
Plate 3, figures 18-21 


Description—Dorsal cup large with deep, wide basal invagination. IBB are 
five, confined to the bottom of well-like basal concavity. BB are five, large 
hexagonal plates which participate in the basal invagination but curve strongly 
out to form the broad basal plane. The median section of each basal plate is 
depressed so that proximal tips of RR and the area adjoining the sutures between 
BB are protruded. Post. B is larger than other BB and is truncated for the 
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reception of anal X. RR are five wide elements forming the outer walls of the 
calyx. Near the upper extremity of each radial, a row of weak nodes are found 
after which the surface curves inward to form a small arcuate area below the 
outer ligamental area. Articular facets are broad horizontal shelves. The outer 
ligamental area is shallowly excavated; transverse ridge is well defined; two 
ligamental fossee lie subparallel to the transverse ridge near its extremity; inter- 
muscular notch is broad and shallow; and adsutural areas are shallow and widen 
toward the body cavity. Anal X curves sharply inward and has a distinctive 
appearing muscle scar. 

The round proximal columnal is unusually small when compared with the size 
of the cup. In addition to the weak tubercles mentioned above the entire surface 
of the cup plates is delicately granular appearing. 


Measurements.— 
Holotype 
Height of dorsal cup 9.0 mm. 
Maximum width of cup 27.0 mm. 
Ratio of height to width 0.33 
Height of basal concavity 4.3, mm. 
Width of stem impression 2.4 mm. 


Remarks—In ornamentation this species closely approaches D. granulosus 
Moore and Plummer. The cup of D. aristatus is broader and the articular facets 
are quite different. In D. granulosus the muscle scars are more pronounced, The 
adsutural slopes are steep with no flattened areas present. The broad almost 
flattened articular facets of D. aristatus with a triangular-shaped adsutural 
area near the body cavity are distinctive. In addition the proportionately smaller 
stem and structure of the distal portion of the anal plate serve to readily differentiate 
D. aristatus from other described species. 

Occurrence and horizon— Pumpkin Creek limestone member, Dornick Hills 
formation, lower Pennsylvanina; west side of Lake Murray, south of Ardmore, 
in Love County, Oklahoma. 

Holotype.—Collected by Wm. T. Watkins. To be deposited in the U. S. 
National Museum. - 

Genus MALAIOCRINUS Wanner, 1923 
Malaiocrinus azygous, n. sp. 
Plate 3, figures 4, 8, 9, 12 

Description —Dorsal cup is bowl-shaped with a slightly convex base and steep 
lateral sides. Five IBB form a broad disk the median portion of which is occupied 
by the large round stem impression, Five are small triangular-shaped elements 
with that of the posterior truncated for the reception of anal X. All other BB 
are four-sided and none have contact with each other, which unusual arrangement 
is due to the meeting of RR circlet with IBB circlet. RR are five pentagonal 
plates only slightly wider than high. Articular facets slope slightly outward and 
are mildly horseshoe-shaped. The outer ligamental furrow is modest in size and 
is of particular interest because of the strong pattern of denticles. Ligamental 
pit and its furrow are well defined and the transverse ridge is sharp.  Inter- 
muscular furrow is broad and the lateral furrows are negligible. Adsutural slopes 
are broad and pass onto outer surfaces of RR. Plates of the posterior interradius 
are distinctive elements. Anal X is robust, elongate, seven-sided plate. RA is 
pentagonal-shaped, of moderate size, erect in attitude, and has the lowermost 
extremity in contact with r. post. IB. RX is hexagonal and not quite so broad 
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as anal X. Another plate rests solidly and evenly in the notch formed by the 
distal extremities of anal X and RX. It is technically a tegmen plate but in the 
present species is obviously a member of the anal series, or post. IR, which nor- 
mally only consists of three plates or less. Five tegmen plates surround the 
lateral sides and upper portion of the extra anal plate. 

Numerous heavy plates are present indicating a short, tout tegmen. Median 
sections of most plates are protruded in the form of a single short spine. 

Arms are unknown except for the upper portion of an axillary brachial which 
protrudes from under some of the slightly displaced tegmen plates in the r. post. 
radius. This plate indicates an hourglass shape of the brachials. Calyx plates 
are unornamented. 


Measurements.— 
Holotype 
Height of dorsal cup 3.5 mm. 
Maximum width of cup 12.9 mm. 
Ratio of height to width 0.29 
Diameter of stem impression 3.3 mm. 
Width of IBB circlet 5-5 mm. 


_ Remarks.—Malaiocrinus parviusculus Moore and Plummer from the Des Moines 
(Pennsylvanian) is the only recorded North American species referred to the 
genus, and it does not closely agree with the characteristics of M. sundaicus 
Wanner, the genotype. J/. sundaicus has a broad, flat IBB circlet almost entirely 
covered by the large stem, and all othe Permian species referred to the genus have 
unusually large stems. The articular facets of M. sundaicus are long (deep) 
and are accentuated by a robust outer ligamental facet which is marked by radi- 
ating ridges or denticles. The infrabasal circlet of M/. parviusculus rests in a 
shallow concavity, is small, and the stem is of modest size. Articular facets are 
not so deep as found in Permian forms, and there is no extension of the outer 
ligamental area. Although MW. azygous is readily distinguished from the known 
Permian species, it conforms to the generic characteristics. 

Occurrence and horizon—Pumpkin Creek limestone member, Dornick Hills 
formation, Pennsylvanian; west side of Lake Murray, south of Ardmore, Love 
County, Oklahoma. 

Holotype.—Collected by Wm. T. Watkins. To be deposited in the U. S. 
National Museum. 

Genus LECYTHIOCRINUS White, 1880 
Lecythiocrinus fusiformis, n. sp. 
Plate 3, figures 11, 13, 14 

Description.—Dorsal cup is elongate with swollen midsection and a slight twist 
irom right to left in proximal region. The base is formed by three unequal IBB, 
the smallest of which is right posterior in position. BB are long hexagonal plates 
of somewhat unequal size. RR are five pentagonal elements which are constricted 
at.the top and have small horseshoe-shaped articular facets which are distinctive. 
-The facets slope outward, are smaller than the width of RR, and each has a long 
slender intermuscular notch. The distal opening into body cavity is rather small. 
Anal opening is relatively large and occupies the area at the upper extremity of 
post. B and equal portions of r. post. R and 1. post. R. Slight stress ridges are 


339 CARBONIFEROUS CRINOID STUDIES: STRIMPLE 21 


present, diverging from the raised area in median portion of BB to the articular 
facets of adjoining RR. 

Under weak magnification the outer surface of the dorsal cup plates have a 
porous appearance. Arm structure is unknown. 

Measurements.— 


Holotype 

mm. 
Height of dorsal cup Tey 
Maximum width of cup 9.5 
Height of IBB circlet Be3 
Maximum width of IBB circlet 73 
Diameter of stem scar 11) 
Length of r. post B 6.3 
Width of r, post. B 5.0 
Length of r. ant. R 4.3 
Width of r. ant. R 4.2 
Diameter of body opening 2.3 


Diameter of anal opening PES) 

Remarks.—L. fusiformis is distinctive in having an elongate dorsal cup with 
unusually pronounced constriction at the upper extremity of cup. L: urneformis 
Strimple is comparable in length, but the outline of the cup is different in that its 
maximum width is closer to the basal region, L. ollicueformis White has a 
broader cup and a larger body opening, and L. adamsi Worthen also has a larger 
body opening. 

Occurrence and horizon—Pumpkin Creek limestone member, Dornick Hills 
formation, lower Pennsylvanian; west side of Lake Murray, south of Ardmore 
in Love County, Oklahoma. 

Types.—Holotype was collected by Wm. T. Watkins. To be deposited in the 
U.S. National Museum. 
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PART II—DELOCRINIDS OF THE BROWNVILLE FORMATION 
OF OKLAHOMA 


INTRODUCTION 


The outcrop of Brownville limestone located some seven miles west of Strohm, 
Osage County, Oklahoma, consists of a railroad cut which at the time of its dis- 
covery as a crinoidal horizon by two amateurs, E. L. Banion and Paul McGuire, 
contained numerous forms of crinoids, mainly in the material thrown up on the 
banks of the cut. By the time this author became aware of the outcrop all the 
loose material had been thoroughly collected, and it was necessary to work in the 
limited exposures of the cut proper. In the meantime the entire outcrop is slowly 
and surely being covered by weeds and grass. Two dorsal cups collected by Paul 
McGuire and 11 dorsal cups and loose ossicles collected by Mrs. Melba Strimple 
and the author probably represent the main results of collecting subsequent to the 
study of Brownville crinoids presented by Raymond C. Moore (1939). All 
calices in hand belong to the genus Delocrinus and are assigned to two species, 
Delocrinus brownvillensis, n. sp. and Delocrinus ponderosus, n. sp. The more 
common form is D. brownwillensis which was assigned to D. vulgatus Moore and 
Plummer by those authors (1940). However, there are several differences which 
are discussed below in the Remarks under description of species. 

SYSTEMATIC DESCRIPTIONS 


Delocrinus brownvillensis, n. sp. 
Plate 4, figures 1-4 


Description—Dorsal cup is moderately deep, full, and basal area is invaginated. 
When viewed from above or below the cup has a slight pentagonal outline except 
at the posterior interradius which area is depressed. Five small IBB are present 
in the basal invagination and are downflared in attitude. BB are five large ele- 
rents, curving strongly out of the basal invagination. Anal X is elongate, almost 
rectangular in outline, and is curved longitudinally. Approximately two-thirds 
of the anal plate is below the upper limits of the dorsal cup. RR are five large 
pentagonal-shaped elements. Articular facets are well defined. The entire 
surface of the dorsal cup is finely granular. 
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Measurements.— 
Holotype 

Height of dorsal cup 9.6 mm. 
Greatest width of cup 27.2 mm. 
Ratio of height to width 0.35 

Height of basal concavity 3-7. mm. 
\Jidth of basal concavity 11.5 mm. 
Diameter of stem impression 2.7 mm. 
Length of basal 11.8 mm. 
Width of basal 10.8 mm. 
Length of suture between basals 8.0 mm. 
Length of radial 9.3 mm. 
Width of radial 16.0 mm. 
Length of suture between radials 6.8 mm. 
Length of anal X 12.2 mm. 
Greatest width of anal X 4.4 mm. 
Width of body cavity 16.1 mm. 


Remarks.—It is necessary to briefly review the status of D. vulgatus Moore and 
Plummer because three dorsal cups from the Brownville limestone were designated 
as paratypes of that species. Two specimens, both from Harpersville formation, 
Cisco group, Virgil series of Texas, were figured by those authors, one designated 
as holotype (P-10325) and the other as paratype (KU 4584). Even a cursory 
examination of the illustrations discloses considerable difference between the holo- 
type and paratype; for example, the sharp angulation at the basal plane and the 
mildly pentagonal outline of the dorsal cup when viewed from above or below 
in the holotype as compared to the circular outline of the cup and the even longi- 
tudinal curvature of BB in the paratype. The species is reported to be devoid 
of ornamentation, and there is no depression of the post. IR~ recorded which is 
sufficient to distinguish the Texas forms from D. brownvillensis as represented 
by specimens at hand. 

Types.—Holotype, No. D-28, Strimple Collection, collected by Paul McGuire. 
Paratype, No. 894, Strimple Collection, collected by Harrell L. Strimple. 

Occurrence and horizon—Railroad cut at Kief, about seven miles west of 
Strohm, Osage County, Oklahoma; Brownville limestone formation, Wabaunsee 
group, Virgil series, Pennsylvanian. 


Delocrinus ponderosus, n. sp. 
Plate 4, figures 5-8 


Description—Dorsal cup is large, full, basal invagination rather shallow. 
When viewed from above or below the outline of cup is mildly elliptical. Five 
small IBB are confined to the basal concavity and are mainly covered by the 
round stem impression. Five large BB have proximal extremities in the basal 
invagination and are curved longitudinally. Post. B is truncated for the recep- 
tion of a single anal plate (X) of robust size. RR are five large pentagonal plates. 
Articular facets are developed inwardly as horizontal shelves of unprecedented 
size. The unusual appearance of the facets are well shown by the illustration. 
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Entire surface of the cup is delicately granular, 


Measurements.— 

Holotype 
Height of dorsal cup 10.8 mm. 
Greatest width of cup 30.0 mm. 
Ratio of height to width 0.36 
Height of basal concavity 2.8 mm. 
Width of basal concavity 10.0 mm. 
Width of stem impression 3-9 mm. 
Length of basal 14.0 mm. 
Width of basal 13.0 mm. 
Length of suture between basals 9.0 mm. 
Length of radial 9.0 mm. 
Width of radial 12.5 mm. 
Length of suture between radials 6.9 mm. 
Length of anal X 9.6 mm. 
Maximum width of anal X 6.4 mm. 
Width of body cavity 16.8 mm. 


Remarks.—D. ponderosus is most readily distinguished from other described 
species by the unusual large size of the articular facets, robust nature of the cup, 
and the elliptical outline of the calyx. 

Type.—Holotype, No. D-26, Strimple Collection, collected by Mrs. Melba 
Strimple. 

Occurrence and horizon.—Railroad cut at Kief, about seven miles west of 
Strohm, Osage County, Oklahoma; Brownville limestone formation, Wabaunsee 
group, Virgil series, Pennsylvanian. 

REFERENCES 


Moore, Raymond C. 
1939. New crinoids from Upper Pennsylvanian and Lower Permian rocks of 
Oklahoma, Kansas and Nebraska. Denison Univ. Bull., Jour, Sei. Lab., 
vol. 34, pp. 171-279, pls. 5-9. 
Moore, Raymond C., and Plummer, F. B. 
1940. Crinoids from the Upper Carboniferous and Permian strata in Texas, 
Uniy. of Texas, Pub. 3945, pp. 9-468, pls. 1-21. 


PART III—DESCRIPTION OF TWO NEW CROMYOCRINIDS FROM 
THE PENNSYLVANIAN OF NEBRASKA 


INTRODUCTION 

With the acquisition and recording of additional materials we are slowly ac- 
quiring comprehensive stratigraphic and morphologic knowledge which will 
pe eventually of considerable value. Ethelocrinus is known to have great geologic 
range and considerable diversity. A new species from the latan limestone is 
presented as Ethelocrinus iatani, n. sp. On the basis of the presence of three anal 
plates in the posterior interradius, a form from the Stanton formation is described 
as Mooreocrinus meadowensis, ni. sp. 
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SYSTEMATIC DESCRIPTIONS 
Genus ETHELOCRINUS Kirk 
Ethelocrinus iatani, n. sp. 

Plate 4, figures 9-11 

Description —Dorsal cup is large and comparable to other described represent- 
atives of the genus. Five small IBB are confined to a moderately deep basal 
invagination. Proximal areas form a sharp depression with the columnar scar 
in the center, but outer areas level out to become almost horizontal. Five large 
BB are typical of the genus with proximal areas participating slightly in the broad 
basal concavity, post B. encroached upon by a large quadrangular-shaped RA and 
supporting the large anal X above. RR are five prominent cup elements, wider 
than high with almost horizontal articular facets. Outer ligamental area is sharp- 
ly defined, but the muscle areas are shallow, indicating weak articular processes. 
Sutures are sharply impressed. 

Posterior side of cup has a flattened appearance and actually curves inward. 
Anterior side of calyx is erect and is slightly higher than the posterior side. There 
is no evidence of distortion ; however, the possibility of such is recognized. 

Some plates appear to be smooth, while others have a mildly granular appearance 
and the suggestion of tubercles. It is possible the specimen was worn smooth 
by abrasive action. 


Measurement.— 

Holotype 
Height of dorsal cup 13.5 mm. 
Greatest width of cup 31.5 mm. 
Ratio of height to width 0.43 
Height of basal cavity 3.7 mm. 
Width of IBB circlet g.0 mm. 
Diameter of stem impression 3.7 mm. 
Length of basal plate 17.9 mm. 
Width of basal plate - 16.0 mm. 
Length of radial plate 10.1 mm. 
Width of radial plate 17.0 mm. 
Length of transverse ridge 13.0 mm. 
Length of IBB plate 6.0 mm. 
Width of IBB plate 5-0 mm. 
Length of radianal 12.0 mm. 
Width of radianal 10.0 mm. 
Length of anal X 9.6 mm. 
Width of anal X 8.2 mm. 
Length of suture between BB 10.7 mm. 
Length of suture between RR 5.2 mm. 
Width of body cavity 15.2 mm. 


Remarks—tThe distinctive shape and outline of dorsal cup along with various 
mathematical ratios serve to readily distinguish Ethelocrinus iatani from other 
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described species. It might be noted that the form would probably have been 
assigned to Parulocrinus Moore and Plummer prior to the placement of that genus 
in synonymy with Ulocrinus by Strimple (1949). 

Holotype.—Collected by Mr. Robert Berry of Omaha, Nebraska. To be de- 
posited in the U. S. National Museum. 

Occurrence and horizon—latan formation, Douglas group, Missouri series, 
Pennsylvanian; near Richfield, Nebraska. 


Genus MOOREOCRINUS Wright and Strimple 


Mooreocrinus meadowensis, n. sp. 


Plate 4, figures 12-14 


Description —The species is based on a single large, magnificently preserved 
dorsal cup. The calyx is mildly disturbed by lateral compression which has the 
effect of causing the RA and adjoining area to be more protruded than would 
have been normal. 

Basal area is deeply invaginated with five downflared IBB confined to: the 
depressed area. BB are large with proximal portions participating in the basal 
depression but curving strongly out of the cavity. R post. B is considerably 
larger than the other BB. Five RR are normal elements, wider than high, with 
outer ligamental area well defined, articular facets subhorizontal in position and 
muscle area poorly defined. 

Measurements.— 


Holotype 
Height of dorsal cup 15.2 mm. 
Greatest width of cup 31.0 mm. (average) 
Ratio of height to width 0.49 
Height of basal cavity 3.4 mm. 
Diameter of IBB circlet 7.5 mm. 
Diameter of stem impression 3.6 mm. 
Length of basal plate 17.5 mm. 
Width of basal plate 15.9 mm. 
Length of radial plate 10.9 mm. 
Width of radial plate 16.8 mm. 
Length of transverse ridge 13.2 mm. 
Length of infrabasal plate 4.6 mm. 
Width of infrabasal plate 4.0 mm. 
Length of RA 13.8 mm. 
Width of RA 105 mm. 
Length of anal X 10.0 mm, 
\Width of anal X 8.0 mm. 
Leneth of suture between BB 10.3, mm. 
Length of suture between RR 5-5 mm. 


Width of body cavity 13.0 mm. (approximate) 
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Remarks—The genus Mooreocrinus was established for the reception of 
cromyocrinids having three anal plates within the dorsal cup and a flattened or 
depressed basal area. The genotype is known to have ten biserial arms, and,a 
Chester species, /. bowsheri Strimple which has been tentatively assigned to the 
genus, has ten arms. Until definite knowledge of the arm structure is obtained 
assignment of this species to the genus is desirable. MW. meadowensis is a very 
distinctive form and is not closely approached by any described species. 

Type.—Holotype collected by Robert Berry of Omaha, Nebraska. To be de- 
posited in the U. S. National Museum. 

Occurrence and horizon.—Meadow limestone member, Stanton limestone for- 
mation, Lansing group, Missouri series, Pennsylvanian ; Kiewitz Quarry, Meadow, 


Nebraska. 
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PART IV.—ON NEW SPECIES OF ALCIMOCRINUS AND 
ULRICHICRINUS FROM THE FAYETTEVILLE FORMATION 
OF OKLAHOMA 


ABSTRACT 
Many crinoids of the upper Chester series demonstrate close affinity with Lower Pennsyl- 


vanian forms. <Alecimocrinus ornatus, new species and Ulrichicrinus chesterensis, new species 
are described here. 


INTRODUCTION 


The prolific and highly variable crinoid faunas of Mississippian (Lower Car- 
boniferous) age have almost disappeared in. upper Chester strata with the excep- 
tion of two or three camerates, a few flexibiles and a highly interesting inadunate 
fauna. Close affinities are more readily found among Pennsylvanian forms than 
m older Mississippian faunas. 

Comparison of the new Chester species, Alcimocrinus ornatus, with A. girtyi 
(Springer) from the Morrow series discloses a trend toward the addition of 
arms as an evolutionary factor. In this particular instance the genus appears to 
terminate without fulfilling the full evolutionary cycle, 7. ¢., eventual reduction in 
number of arms and simplicity in structure. The new Chester species, Ulrichi- 
crinus chesterensis, also seen to evolve to a form with more numerous arms in the 
Morrow species, Ulrichicrinus oklahoma Springer. However, it is probable that 
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this group survives and is represented in later Pennsylvanian forms. Exact affin- 
ities are not determinable from existing literature. 


Sol EMATTIC DESCRIPTIONS 


Genus ALCIMOCRINUS Kirk 
Alcimocrinus ornatus, n. sp. 
Plate 5, figures 1-7 


Description —Dorsal cup. Shallow with deeply invaginated base. Five small 
IBB are confined to basal concavity. Five small BB are also entirely within 
basal concavity and form a star-shaped disk. Three anal plates are within the cup, 
radianal (RA) placed obliquely and supporting RX above, and together with 
post. B supports anal X to the left. No decided tendency has been observed 
toward modification, or evolution, of the anal series except toward * loss of 
contact between RA and r. post. B. Five RR are the most prominent elements 
of the calyx. They participate m the basal concavity and curve upward to form 
the lateral sides of the cup.  Articular facets slope outward. The entire cup 
is covered by minute spinelike granules. 

Arms. First bifurcation takes place in PBrBry in all rays. There is another 
equal branching which may take place on the fourth, sixth, eighth or tenth SBrBr. 
From this point on the branching is endotomous. Normally the eighth, tenth, 
twelfth or fourteenth brachial is axillary in the outer rays. From eight to ten 
arms to a ray have been observed. In the holotype 44 pinnulate arms are pre- 
served. All plates are granular appearing. 

Tegmen. The tegmen is known to be club-shaped and extends beyond the 
upper extremity of the arms in three observed specimens but does not normally 
attain such a length. Tegmen plates are minute ossicles. 

Stem. Only proximal columnals are known. The column is circular in outline, 
pierced by a small, round lumen, and is rather large in comparison to the size of 


the cup. 
Measurements.— 
Holotype 
Length of crown 32°77, mim 
Height of dorsal cup 2.0 
Maximum width of dorsal cup 10.2 
Diameter of proximal columnal AP) 


Remarks —This species is closely related to Alcimocrinus girtyi (Springer) 
from the Morrow series of Oklahoma. In 4. ornatus the RR are more tumid, 
the arms are slender with less numerous bifurcations, and the crown is not so 
robust. Apparently this genus climaxed and terminated in the lower beds of 
the Pennsylvanian since no similar forms have appeared in middJe or upper strata 
of the period. 

Occurrence and horizon.— Fayetteville formation, Chester group, Mississippian ; 


* Primitive Type A after Wright (1926) and Strimple (1948). 
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6 miles SW. of Afton, Craig County, Oklahoma. 
Types.—Figured holotype and paratypes collected by Mr. and Mrs. H. L. 
Strimple. To be deposited in the U. S. National Museum. 


Genus ULRICHICRINUS Springer (1926) 


Remarks.—This genus was proposed for the reception of a form from the 
Moric yy series described as Ulrichicrinus oklahoma. However, the genotype was 
not actually designated. Bassler and Moody (1943) have listed U. oklahoma as 
the genotype and since such was the obvious intent it should so stand. Springer’s 
description of the species and the genus leaves much to be desired, particularly 
with regard to the exact mode of arm bifurcation. Under generic description 
it is mentioned that from three to four branches are present in each rami but 
under his, “Analysis of the Genera” (p. 70), he shows as follows: 

“Arms branching once on I] Br 

Arms not abutting; 4 to the ray exceptionally 3 or 2. . . . Ulrichicrinus” 
Examination of the illustration shows all arms branch once with PBrBr (IBr) 
and again with SBrBr (IIBr) in some rays. ‘The left posterior ray has four arms 
in both types and the right posterior ray appears to have only two arms. The 
anterior ray has four and the left anterior has three arms. 

Ulrichicrinus chesterensis, n. sp. 
Plate 5, figures 8-11 

Description—The crown is elongate with a high turbinate-shaped dorsal cup. 
IBB are five erect elements. BB are five plates of hexagonal outline except 
where in contact with post. IR. Three normally arranged anal plates occupy the 
wide post. IR. RR are five pentagonal-shaped plates. 

There are normally 13 pinnular bearing arms. First bifurcation occurs with 
PBrBr, in all rays. A second branching takes place with SBrBr, in all outer 
rays except for the anterior where only two arms are developed. Occasionally 
the left anterior ray developes only two arms. 

All caylx plates and the lower brachials are ornamented by thin elongate ridges 
which roughly take the form of concentric rings following the perimeter of the 
plates. ‘ 

The column is circular in outline and is comprised of alternating expanded 
columnals. 


Measurements.— 
Figured 
Holotype paratype 
Mm. Mm. 
Length of crown Not available 100.0 
Height of IBB circlet Bui, 4.0 
Width of IBB circlet Wey) Thesis 
Height of dorsal cup 13.1 17.0 
Width of dorsal cup Re 21.0* 
Diameter of proximal columnals : 3.0 5-5 


* Computed. 
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Remarks.—U. chesterensis is readily distinguished from other species assigned 
to the genus by the distinctive ornamentation and arm structure. (U/. oklahoinia 
has a greater number of arms which trend toward cuneate brachials. 

Occurrence and horizon.—Fayetteville formation, Chester group, Mississippian ; 
6 miles SW. of Afton, Craig County, Oklahoma. 

Types.—Figured types collected by Mr. and Mrs. H. L. Strimple. Yo be 
deposited in the U. S. National Museum. 
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ic--or view. Holotype, X1%. Pumpkin Creek limestone, Love 
county, Oklahoma. 
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ior view, 1%. 9. Basal view, 1%. Holotype. Pumpkin 
Creek limestone, Love County, Oklahoma. 
Til, VOUS COUUMOHS, T, Sy eek a ee 
8. Basal view. 10. Summit view. 11. Posterior view. Holo- 
type, X14%. Otterville limestone, north of Ardmore, Oklahoma. 
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12, Anterior view. 14. Posterior view. 16. Summit view. 
18. Basal view. Holotype, X2. Pumpkin Creek limestone, Love 
County, Oklahoma. [In text, read fig, ‘‘18’’ for ‘‘19.’?] 
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13. Posterior view. 15. Summit view. 17. Basal view. Holo- 
type 1144. Pumpkin Creek limestone, Love County, Oklahoma. 
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EXPEANATION, OF PIADES2 (Bo) 
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1. Posterior view. 3. Anterior view. 4, Basal view. 6. Sum- 
mit view. Holotype, 144. Pumpkin Creek limestone, Love 
County, Oklahoma, 
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1. Summit view. 2. Basal view. Paratype, 144. Pump- 
kin Creek limestone, Love County, Oklahoma. , 
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7. Posterior view. 8. Summit view, 10. Basal view. Holo- 
type, *244. Pumpkin Creek limestone, Love County, Oklahoma. 
9, 12, 15. Ethelocrinus ardmorensis, n. sp. een Air itn Il 
9. Summit view. 12, Anterior view. 15. Basal view. Holo- 
type, 1%. Pumpkin Creek limestone, Love County, Oklahoma. 
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11. Posterior view. 13. Anterior view, 14. Summit view. 
16. Basal view. Holotype, 1144. Pumpkin Creek limestone, 
Love County, Oklahoma. 
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1. Basal view. 2, Anterior view. 5. Posterior view. 7. Sum- 
mit view. Holotype, 2. Otterville limestone, north of Ard- 
more, Oklahoma, 
By Om Dielocrinusmarnva rina tals eae ae ae Se 18 
3. Posterior view. 6. Basal view. Holotype, <2. Pumpkin 
Creek limestone, Love County, Oklahoma. 
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4. Basal view. 8. Summit view. 9. Posterior view. 12 
Oblique suminit view to show articular facet of radial plate. 
Holotype, 1%. Pumpkin Creek limestone, Love County, 
Oklahoma. 
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10. Right anterior view of crown, small right posterior radial 
plate is seen to the left, 17. Left anterior view of crown. Holo- 
type, 2. Arnold limestone, Love County, Oklahoma. 
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11. Summit view. 13, Posterior view. 14. Anterior view. 
Holotype, 244. Pumpkin Creek limestone, Love County, Okla- 
homa. 
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15. Side view. 16. Basal view. Holotype, <2. Otterville 
limestone, north of Ardmore, Oklahoma, 
Pts IDA AROS ChAISHOMAT Oly (5 ee eee 18 
18. Summit view. 19. Anterior view. 20. Posterior view 
21, Basal view. Holotype, 2. Pumpkin Creek limestone, Love 
County, Oklahoma. 
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EXPLANATION OF PLATE 4 (32) 


Figure 
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Holotype. View trom below, posterior, anterior, and summit 

views. 
eer IDA AITO jNOGIOICTRONSIISS UWL ASO) se 
Holotype. View from below, posterior, anterior, aud summit 

views. 
g-11. Ethelocrinus tatani, n. sp. Se eee ees 


Holotype. View from below, posterior and snmmit views. 


12-14. Mooreocrinus meadowensis, n. sp. Pare eS ., 
Holotype. View from below, posterior and = swmumnit views. 


All figures enlarged two times. 
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EXPEANATION OF PLATE 5 (33) 


Figure Page 
1-7, Alewmocrinus Ormatiis, Ws Sp) ee Seo ee = ee Ne OTs 


Figs. 1, 2. Summit and basal views of dorsal cup, paratype, 

enlarged 4. Fig. 3. Portion of arms to show pinnalar strue- 

ture, paratype, enlarged 2. Fig. 4, Upper portion of crown 

to show tegmen sac, paratype, enlarged 2. Figs. 5-7. Basal, 

left anterior, and right anterior views of crown, holotype, 

enlarged X2. 

s-11. Ulrichicrinus chesterensis, n. sp. —— Mio 2 At al Se ES Ses See 29 

Figs. 8, 9. Posterior and anterior views of holotype, enlarged 
2and X2%, Figs. 10, 11. Views of crown from right and 

left side, paratype, natural size. 
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STEREOTOCERAS AND THE BREVICOCERATIDAE 


RoussEau H. FLowEr 
New York State Musrum 


ALBANY, N. Y. 


The present work is devoted to the description and illustration of the new 
genus Stereotoceras, together with its known species All are rare forms, and the 
material described here is from the collection of a number of institutions. I am 
indebted to Dr. W. Storrs Cole and Dr. J. W. Wells for the loan of material from 
Cornell University, to Dr. W. A. Bell for material from the collections of the 
Geological Survey of Canada, to Dr. I. G. Reimann for material from the collec- 
tions of the Buffalo Museum of Science, to Dr. R. S. Bassler for material from 
the U. S. National Museum, and to Dr. A. S. Romer and Mr. W. E. Schevill 
for material from the Museum of Comparative Zoology at Harvard. 

The genus is an anomalous one, being one of the very few smooth-shelled 
gyroceracones of the Devonian, contrasting strongly with the contemporaneous 
Rutoceratidz which, with its excessive ornamentation, is one of the most charac- 
teristic of the Devonian developments in the Nautiloidea. Internally the genus 
is unique among gyroceracones in possessing well-developed cameral deposits 
which, by reason of their supposed hydrostatic function, I had not expected to 
find in this type of shell. In two respects the genus is a most interesting one; 
first, for the remarkable variation in form and coiline exhibited by the various 
species, and second, because of its affinities. Instead of being allied to other 
gyroceracones it belongs to the Brevicoceratide, of which most other members 
are either brevicones or trochoceroids. 

In all, seven species are placed in the genus, and an eighth is included with 
doubt, because, while it is atypical, it fits here better than in any known genus 
at the present time. The shells are dominantly gyroceracones, broad whorled, the 
section varying from a depressed one, with a characteristic flattening-of the 
dorsum, to one in which a ventral keel develops and the whorl is subtriangular. 
The sutures, normally otherwise simple, are commonly characterized by a lobe 
developed on the flattened dorsum. The ventral siphuncle-is cyrtochoanitic and, 
where best known, contains irregular actinosiphonate deposits. 

The species display wide variations in form, which might be wider were some 
of them better known. S. oppletum, the genotype, starts as a simple gyroceracone, 
but at the completion of the second volution the whorls come into contact in a most 
unexpected manner, At the same time, the adoral part of the shell suddenly ceases 
to increase in height, although the width increases as before. The mature living 
chamber is unknown. This same tendency is carried farther in the remarkable 5. 
impressum of the Upper Devonian. This is known from a fragment of a shell 
which, by itself, would be considered cyrtoconic. However, the concavity of the 
dorsum here suggests that coiling was close enough, as in the genotype, to develop 
an impressed zone. Probably this obvious conclusion is incorrect, and the 


concavity of the dorsum, with its attendant lobation of the suture, is not caused 
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by having the whorls closely impressed. In the gerontic stages the shell 
becomes straighter, as in many other coiled genera. Further, in this species 
the reduction in vertical expansion is carried to such an extent that the height 
of the shell is decreasing as the living chamber is approached. 

S. citheron of the Stafford limestone is specialized in a reduction of coiling. 
If coiling is uniform in this species, it is cyrtocone. The species is further special- 
ized in that the sutures develop faint ventral as well as stronger dorsal lobes. 

S. lentiexpansum is peculiar in that the dorsum is nearly as broadly rounded 
in cross section as is the venter. In other respects it is quite typical. The lobes 
of the dorsum, an inherent feature of the genus, are well developed here. This 
is, in a way, surprising. More often in nautiloids the curvature of the septum is 
relatively uniform, and suture patterns vary with the cross section, compressed 
shells developing lateral lobes, depressed specimens developing lateral saddles. 
This is the stable septum (Flower, 1946, p. 33). However, occasionally the suture 
pattern becomes fixed and may remain relatively uniform throughout a series of 
related species in spite of modifications of the cross section. This is the stable 
suture. The presence of the stable suture in this species is a clear indication that 
the suture pattern has become fixed in its ancestors, where it evidently appeared 
as the natural effect of the characteristically flattened dorsum upon a primitively 
stable septum, but at length the suture has become fixed instead of the septum. 
These indications show further that the temptation is to assume that the simple 
cross section of S. lentiexpanswm is not a primitive condition, but a specialized 
one. Indeed, it is one which is not only present in Stereotoceras but also in the 
ancestral Ne@dyceras. 

S. gibbosum is generalized in all features but one, the living chamber, which 
expands laterally and then contracts to the aperture, giving the shell a breviconic 
aspect. Irritatingly enough, it is only in this species that a mature aperture has 
been observed, but there is no basis for assuming that the living chambers behave 
similarly in the other species. On the other hand, a similar tendency has been 
noted in some species of the related genus, Gyronedyceras, as well as in the more 
primitive and, I believe, ancestral genera Necdyceras and Gonionedyceras. 

The remaining species are more generalized. S. halli of the Schoharie grit is 
a fairly typical, rather rapidly expanding, gyroceracone with the dorsum more 
flattened than the venter and with the usual dorsal lobes of the sutures. 
S. canadense of the Onondaga limestone is less closely curved, and shows a faint 
tendency toward the development of the ventral keel which appears in the more 
specialized S. oppletum and S. impressum. S. vetustum of the Devonian of Bohemia 
is typical in section and is noteworthy for the relatively close coiling and the rapid 
vertical expansion of the shell in the known portion which gives it a completely 
deceptive resemblance to the stock of the Rhadinoceratide. S., cruciferwm, a little 
known species of the Schoharie grit, is placed here largely because of the similar- 
ity of the cameral deposits with those of the genotype. The species is very inade- 
quately known and is atypical in the relatively high and narrow cross section as 
well as in the considerable distance of the siphuncle from the venter. I have 
included it because Stereotoceras is the only known genus with which its anomalous 
features seem to be at all consistent. 

With such variations in form as are exhibited by these species, several genera 
could be erected upon the basis af features which have at least the sanction of long 
usage. I have not done so because, in spite of form variation, these species 
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obviously constitute a natural genetic unit. The use of more generic names would 
serve only to complicate the nomenclature, already bad enough, and to obscure 
these relationships. 

The affinities of the genus presented quite another problem. Most of the 
gyroceracones known in the Devonian belong to a stock characterized, above all 
else, by a surface pattern involving frills, spines, sometimes hollow, and again 
solid, and spout-like projections of the shell. These various markings appear on 
the shell at regular rhythmic intervals clearly to be interpreted as former apertures, 
and probably representing resting stages in the growth of the shell. A considerable 
number of generic names have been employed to express the varying external 
features within this group. It is represented by Trochoceras, Ptenoceras, Ptysso- 
ceras, Adelphoceras, Homoadelphoceras, Rutoceras, Kophinoceras, Hercoceras, 
Tetranodoceras, Hindeoceras, Casteroceras, Tylorthoceras, Halloceras, Thearo- 
ceras and Goldringia (Flower, 1943). More recently (Flower, 1949) M/utroceras 
and Diademoceras were added to this form group. Most of these genera have a 
slightly depressed section, the dorsum more flattened than the venter. The origin 
of the stock is obscure, and it is not even certain that we are not dealing here 
with several distinct lines in which a false similarity is presented by the develop- 
ment of similar patterns of frills and spines. Indeed, I believe that Muiroceras is 
related to Cyrtoceratites and unrelated to other members of the stock. Within 
the other genera there is considerable variation in internal structure. Trochoceras 
has a faintly expanded siphuncle with organic deposits, the nature of which re- 
quires further study. Some genera are actinosiphonate according to the extant 
descriptions, including Ptenoceras, Adelphoceras and Homoacelphoceras. Ruto- 
ceras itself has a broadly expanded siphuncle, but clear evidence of actinosiphonate 
structure within it is lacking. Most of the zenera, including Halloceras, Goltringia, 
Tetranodoceras, Hindeoceras, Casteroceras, Diademoceras, and Tylorthoceras, 
possess tubular, empty siphuncles. The evidence now at hand is not sufficient 
to warrant any conclusion as to whether internal structure has varied here with- 
in a single stock, or whether two or more unrelated stocks are represented. If so, 
it will supply one of the most remarkable cases of contemporaneous convergence 
in paleontology. 

Attempts to relate Stereotoceras to any of the members of this perplexing 
group were fruitless; the forms which approached the genus most closely in some 
respects showed such differences in others that it was clear any hypothesis involy- 
ing a close relationship would be patently untenable. 

The family Brevicoceratide (Flower, 1941, 1945) represents an amazingly 
plastic stock consisting of trochoceroids, gyroceracones and, finally, brevicones, 
which are united as smooth-shelled forms with a deep hyponomic sinus, sutures 
which tend to develop a broad lobe on a flattened dorsum, and in which the ventral 
siphuncle, cyrtochoanitic but generally rather slender, typically retains discrete 
deposits which are in general actinosiphonate, though clearly degenerate in some 
forms and altogether absent in some members of the stock. The family is an 
unsatisfactory one from the point of view of succinct definitions. It is established 
with its present boundaries because the genera it embraces constitute a genetic 
stock, and, indeed, are sufficiently closely related that some species are embar- 
rassingly close to the necessarily arbitrary boundaries which separate genera. A 
full account of the family will be delayed for another occasion when, it is hoped, 
descriptions and illustrations of the known species can be included. At the present 
time it will suffice to point out the relationship of Stereotoceras with the other 
genera. 
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The first appearance of the family in the American Devonian is an abrupt one, 
for in the Schoharie grit are represented the genera N@dyceras, Gonione/'yceras, 
Gyronedyceras, Wissenbachia, Stereotoceras, Brevicoceras and Exocyrtoceras. 
The smooth trochoceroids of the Schoharie grit show great divergence of form. 
Those which exhibit the most marked trochoceroid coiling, typified by Nedyceras 
eugenium, are relatively simple and essentially symmetrical in cross section and 
sutures. On the other hand, Gonionedyceras, typified by Trochoceras pandion, is 
characterized by a cross section and a suture pattern which are strongly asymmet- 
ric, considerably askew in relation to the position of the siphuncle, while at the 
same time these shells are so loosely coiled that they may be considered cyrtocones 
rather than trochoceroids. Inspection of these species leads to the conclusion that 
the only possible explanation of the widely divergent forms exhibited by these 
evidently closely related species is that they are degenerate offshoots from a more 
perfectly trochoceroid ancestral form. Such ancestral types are found in the 
Upper Silurian genera Mitroceras and Foersteoceras of the Cobleskill limestone 
of New York. Through these genera, it is possible to trace the family through 
the broader whorled forms referred to Oxygonioceras in the Middle Silurian, to 
Oonoceras, and finally to a bevinning in the Ordovician Oncoceratide, to which 
Oonoceras is probably best referred, 

From the narrow-whorled species of Nedyceras there developed Gyronedy- 
ceras, in which the shell became more slender and lost completely the trochocercoid 
condition. The genus is represented in the Schoharie grit by the genotype, 
G. validum, and reappears in the Milwaukee dolomite, where it is represented by 
G. eryx (Hall) and G. wisconsinense. Necyceras itself is represented by some 
surprising species in beds younger than the Schoharie grit, including N. gibboswm 
and N. contractiwm of the Columbus limestone (Flower, 1¢e45) of Ohio, while in 
New York the genus persists into the Ithaca and Chemung, being represented by 
undescribed species, and is present in the Middle Devonian Nevada limestone. 
Apparently Stereotoceras is a gyroconic expression of the broad-whorled species 
placed in Nedyceras, the group of N. barrandei and N. orion. Indeed, the rela- 
tionship between Nedyceras obliquatum, N. expansum and Stereotoceras hall 
is still quite close, and the generic division has been drawn necessarily at the 
distinction between the trochoceroid and the gyroconic shells. Once this relation- 
ship is seen some of the tendencies noted in Stercotoceras, formerly so perplexing, 
can be traced to tendencies already noted in Nec yceras; there is the tendency 
toward slight inflation of the living chamber so puzzling in S, gibbosum. Nedy- 
ceras orion shows only slight inflation, but the living chamber tapers gradually, 
contracting toward the aperture. Is the vertical contraction noted in S. oppletwuin 
and S. impressum a tachygenetic expression of this tendency? The similarity may 
be false, but it is at least comforting that such tendencies, rare alike in trochocer- 
oids and gyoceracones, are common to species of these two related genera. Like- 
wise, the species of Nedyceras show unexpected changes in rate of curvature 
making understandable in Stereotoceras, as the gyroconic descendant, such things 
as the sudden appearance of whorls which attain contact at the completion of the 
second instead of the first volution, and then apparently become free in a still 
later growth stage. 

Strangely, foreshortening of the stock of these coiled genera has apparently 
produced brevicones, There are several species of N@dyceras which approach 
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rather close to the shell form of Ilissenbachia; in the Schoharie we have one 
species which fulfills the requirements of this genus as defined by Foerste. There 
is not as marked a transition between Stereotoceras and Brevicoceras, Wut 
Brevicoceras is clearly a less curved and strongly abbreviated edition of that genus. 
Likewise, a genus, as yet undescribed, is the breviconic expression of Gonionedy- 
ceras. 

It is unnecessary at the present time to trace the family farther. This has 
already been done in a brief form (Flower, 1945), and a more extensive discus- 
sion should properly be accompanied by descriptions and illustrations of the 
species and genera concerned. 

Cyrtoceratites Goldfuss is a genus externally similar to Stercotoceras. It dif- 
fers in the more semicircular cross section and the more rapid vertical expansion 
of the shell. These obvious, but superficial, differences find further support in 
the concavosiphonate siphuncle which is filled with continuous vertical lamelle. 
It is quite probable that Cyrtoceratites is not related to Stereotoceras or the 
Brevicoceratidz. Its origin is, however, uncertain. 


NOMENCLATORIAL PROBLEMS OF CYRTOCERATITES 


Much perplexity surrounds the question of the valid form of the genus which 
has appeared under various spellings, Cyrtoceratites, Cyrtocera, Cyrthoceratites, 
and a few more, As generally used, under the spelling Cyrtoceras, the type has 
been accepted as C. depressa (Goldfuss, 1832). The generic name was proposed 
by Goldfuss in 1830, in the Jahrbuch fiir Mineralogie, vol. 1. p, 228'. Goldfuss in 
1832, in the German edition of the De la Beche Handbuch der Geognosie, pub- 
lished the generic name Cyrtocera described as “Halbmondforig gebogene Ortho- 
cere” and listed six species without description. Foord (1888) discussed Cyrto- 
ceras, noting that it was first called Cyrtocera and stating: “Lastly, depressa and 
lineata remain to be disposed of, and as the former is found-in a more perfect con- 
dition than the latter, it may well be adopted as the type of the genus.” This state- 
ment has been taken, and, I think, correctly in spite of its tentative wording, as 
the designation of a type species. Subsequent authors have uniformly accepted 
the species depressus as the genotype of Cyrtoceras. There are, however, 
complications. : 

The generic name Cyrtoceras was first used by Sowerby in 1835 as pointed 
out by Teichert (1939, p. 107, footnote). Teichert stated that the only species 
referred to the genus is a gastropod. The writer is not completely convinced of 
this interpretation from Sowerby’s figure, which might possibly represent a 
Cyrtorizoceras or an Oonoceras, both of which occur in the British Silurian. 
However, this matter has no bearing upon the problem, for Cyrtoceras was not 
accompanied here by the indication, description or definition required by the rules. 
Instead, there is a clear indication that Sowerby had no intention of proposing a 
new genus, but only an emendation of spelling of an old one. He writes as follows: 
“Cyrtoceras leve P| 8, fig. 21. Also in Upper Ludlow rocks, pl. 5, fig. 34. (For 
the generic description of Cyrtoceras see Goldfuss.)” The remainder is a descrip- 
tion of the species irrelevant to the present problem. It is clear from this reference 
to Goldfuss that Cyrtoceras was proposed as an emendation of either Cyrtocer- 


1The vriginal designation is as follows: ‘‘Cyrtoceratites. (Gewundene Orthozeratiden).’’ 
Under it are listed the following species: 
C. ammonius G. (Falls of Montmoreney, Lower Canada) 
C. compressus G. (= O. flexuosus Schlotheim) 
C. depressus G. 
C. ornatus G. 


Gg 


am) PALEONTOGRAPITICA AMERICANA (III, 24) 368 


atites, Cyrtocera, or, more probably, both of these spellings. As an emendation, 
Cyrtoceras Sowerby is not proper under the rules. 

The species which Goldfuss listed as Cyrtoceratites depressus in 1830 was 
not valid at the time, since no description nor figure was given. The species dates 
from Bronn, 1837, in the second edition of vol. 1 of his Lethzea Geognostica, 
p. 101, tab. 1, fig. 5. The same species was refigured and redescribed under the 
name Cyrthoceratites depressus by D’Archiac and De Verneuil in 1842 (Geol. 
Soc. London, Trans., 2d ser., vol 6, pt. 2, p. 350, pl. 20, fig. 1, ta). Cyrthocerati- 
tes was used earlier by Goldfuss. 

It is unfortunately legally possible uncer the rules of zoological nomenclature 
to designate different genotypes to these various spellings and to use them as 
distinct genera, In fact, this sort of thine has been done too often already. Usage 
has not been consistent. Teichert and Miller (1936, Amer. Jour, Sci., vol 31, p. 
300) recommended the revival of Orthoceros Brtnnich, 1771. Teichert (1930, 
p. 108) recommended that Phragmoceratites d’Archiac and de Verneuil should 
not replace Archiacoceras, over which it has priority since the authors indicated 
no intention of erecting a new genus and the generic name is not accompanied 
by a designation or description, Article 25 of the International Rules of Zoological 
Nomenclature requires a “description or a definition.” Under this requirement, 
Orthoceros Brinnich, 1771, has no standing nor has Cyrthoceratites. However, 

prevent further complications, I designate types for those names for which 
no previous designation has been made. For Cyrtoceratites Goldfuss, 1830, 
Teichert (1940, Jour. Paleont., vol, 14, p. 594) has oe designated Cyrtocera 
depressa Bronn, 1837, Letheea Geornostica, vol. 1, 2d ed., p. rox, pl. 1, fis. 5. 
For Cyrtocera Goldfuss, 1832, I designate Cyitocera cepressa ate 1837, as 
above, and for Cyrthoceratites Goldfuss, 1832, identical with Cyrthoceratites 
d’Archiae and de Verneuil, 1842, I designate the same species as the type. This 
will reduce Cyrtocera and Cyrthoceratites as synonyms of Cyrtoceratites beyond 
any possible question, 

Yet another aspect of the rules of nomenclature suggests that actually none 
of these designations are legal, and another solution is necessary, Article 30 
of the International Rules of Zoological Nomenclature states specifically that 
species are not available as genotypes “which were not included under the genus 
at the time of its original designation.” Dr. J. W. Wells has pointed out to 
me that this may very well be read as walid species. Quite probably, the makers 
of the rules, being sensible people, assumed that no one would bother with a 
species which was not valid. A survey of the recent literature impels me to 
conclude that if so, they led sheltered lives. In this case there are good grounds 
for confusion, for between 1830 and 1850 the manuscript names of Goldfuss 
keep appearing in the literature with such amazing uniformity of use, suggesting 
that descriptions and figures might have been circulated privately. At various 
times in this interval various of the species were validated by descriptions of 
different authors. 

However, this is an ambiguous point. Dr. G. W. Sinclair (fide litt.) brings 
up the question as to whether a species or a name is the type of a genus. If a 
species, as stated by the rules, the above solution is adequate. However, if 
valid specific name is to be required, none of these designations are legal, as 
the species Cyrtoceratites depressus is not available for selection as a genotype. 
None of the Goldfuss names of 1830 or 1832 are available, but Goldfuss lists 
as a synonym under Cyrtoceratites compressus the previously described and 
therefore available species Orthoceratites flexuosus Schlotheim 1820, As the 
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only valid species listed under Cyrtoccratites at the time of its original descrip- 
tion, it is the only species available under this interpretation of Article 30 as a 
genotype; more, designation is not necessary for it becomes the genotype by 
monotypy. 

Further, Goldfuss lists this as a synonym of Cyrtoceratites compressus. As 
this antedates all of the publications of Goldfuss in question, it has priority over 
C. compressus. Therefore, in listing C. compressus in this or any other genus, 
Goldfuss is automatically including within it Orthoceratites flerwosus. In this 
way, the same nomenclatorial solution must be accepted for Cyrtocera Goldfuss 
1832 and Cyrthoceratites Goldtfuss. 

This interpretation involves the status of two other generic names. Crano- 
ceras Hyatt 1884, based upon “Cyrtoceras” depressus Goldfuss (Cyrtoceratites 
depressus Goldfuss, Cyrtocera depressa Bronn) has been suppressed as a 
synonym of Cyrtoceras Goldfuss, as interpreted by recent authors, and more 
properly, of Cyrtoceratites Goldfuss. This generic name will then become avail- 
able for the generic unit for which these names have been employed. 

The basing of Cyrtoceratites upon Orthoceratites flexwosus Schlotheim will 
involve the problem of the genus Archiacoceras Foerste. In a work now in 
progress, the living chamber of Archiacoceras subventricosum, the type species 
of the genus, is being described. This permits an emenced description of 
Archiacoceras. In searching the literature, it was found that Foord (1888) con- 
sidered Phragmoceratites subventricosus d’Archiac and de Verneuil a synonym 
of Orthoceratites flexuosus. From the available figures and descriptions of the 
type species, this conclusion seems to the writer unlikely, unless one assumes 
that Schlotheim employed excessive latitude in regard to the proportions of his 
type specimen in his drawing. Nevertheless, it seems highly probable that the 
two species, both from the Middle Devonian of the Eifel region, are congeneric. 
From this conclusion, it should automatically follow that Archiacoceras should 
be suppressed as a subjective synonym of Cyrtoceratites Goldfuss. This step 
is not recommended at the present time, because, while the genus Archiacoceras 
is very well known, we know only that Cyrtoceratites agrees with it in being a 
rapidly expanding compressed cyrtocone with the siphuncle on the concave side 
of the shell. We know nothing of the structure of the siphuncle, or of the living 
chamber. Theoretically, Cyrtoceratites might instead be closer to Alpenoceras 
Foerste. Therefore it seems wisest to regard Cyrtoceratites as a legally valid 
genus based upon Orthoceratites flexwosus Schlotheim, but this species is 
not well enough known at the present time that any other species can be assigned 
to the genus with certainty or that the affinities of the genus can be understood. 

One complication still remains. As a synonym of Cyrtocera depressa Gold- 
fuss, 1832 (a species which we note does not become available under the rules 
as of that author and date but was only validated by Bronn in 1837) Foord listed 
Orthoceratites nautiloides Steininger, 1833, Soc. Geol. France, Mem., vol. 1, p. 
309, pl. 23, figs. 1, ta. Not only does this publication have priority over Bronn’s 
validation of C. depressa in 1837, but in a still earlier work, that of the same paper 
published in German without plates, at Tréves, in 1831, the same species is listed 
and described. The species, therefore, is available as of that date. It is uncertain 
from Steininger’s figure whether or not his species is identical with Cyrtoceratites 
depressus. I think there is a possibility that it may be different. However, if it 
becomes possible to study the type specimen, and the two species are found to be 
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identical, this name must clearly be given priority. If so Orthoceratites nautiloides 
will take precedence over Cyrtocera depressa. 

Concerning the two remaining spellings, no solution can be presented as simple 
as the ones above. Cyrtoceras is listed by Sherbourn in the Index Animalium as 
attributable to D’Orbigny 1840, where it was apparently used in connection with 
ammonoids of the Cretaceous of France. I have not seen the work. However, 
Teichert has found that Sowerby used it in 1837 i) 

Cyrtocerus Conrad, 1838, appears without description or definition. Under 
it is described one new species, Cyrtocerus maximum. Hall identified with 
this species the forms which he later cescribed as Nautilus maximus, now referred 
to the genus Nephriticeras. It may be pointed out that it is uncertain whether 
Cyrtocerus maximum of Conrad and Nautilus maximus of Hall are identical. 
Internal evidence suggests that Conrad’s material was not available to Hall. Con- 
rad’s description is inadequate and lacks even a Iccality. Even supposing that 
Cyrtocerus Conrad should be construed as falling within the law of priority, it 
is not strictly possible to recognize the genus or species, Further, Conrad’s use 
of a neuter adjectival specific name with a masculine generic ending suggests 
strongly that the use of Cyrtocerus is a lapsus calami. 

The sole purpose of these designations is to prevent the revival of these gen- 
eric names in connection with valid generic groups. Such a course has been 
followed in respect to Orthoceras and its variants, with most unfortunate results, 
which are still of dubious merit and legality. It is hoped that these designations 
will prevent a similar misuse of the variations on the general theme of what has 
been known for the last hundred years as Cyrtoceras. 


Genus STEREOTOCERAS Flower, n. gen. 


Genotype Stereotoceras oppletum, n. sp. 


Conch gyroceraconic, section strongly depressed, the dorsum much more 
flattened than the venter. The sutures are typically marked by conspicuous lobes 
on the mid-dorsal region, ventrally they are normally straight and transverse. 
The siphuncle lies close to the ventral margin of the shell. Its segments are num- 
muloidal, being rounded and elongate in outline in the simpler forms or in the 
early stages, and abruptly contracted at the septal foramen in more advanced 
types, being essentially parallel-sided throughout most of the length of the cam- 
era, Within the siphuncle are discrete deposits concentrated at the septal foramina, 
from which may project irregular processes, indicating that this is a degenerate 
type of actinosiphonate structure. 

The shell surface is without spines or nodes but bears only transverse lines 
of growth. These lines swing apicad on the venter outlining a well-developed hypo- 
nomic sinus. In the only species for which the mature aperture is known, the 
shell is strongly contracted laterally over the -adoral part of the living chamber. 
Cameral deposits are developed in the phragmocone. 

Discussion. — This genus may be characterized and easily recognized by the 
smooth shell, the broadly depressed section and the dorsal lobes that readily 
distinguish it from all other gyroceracones. Coiling and cross section vary exceed- 
ingly among the species, the shells ranging from one species which was probably 
a cyrtocone, S. citheron, to S. vetustum in which the coiling was close enough 
that the whorls were essentially in contact, while in the genotype the whorls 
were free and widely separated up to the end of the second volution where they 
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come into contact. Further, S. impresswm indicates that, in that species, coiling 
may have been relatively close in the early stages, but that the later whorl is 
certainly so slightly curved that it must have been free, exhibiting the same 
“gerontic uncoiling’ noted long ago by Hyatt (1894) and so prevalent in a 
number of Ordovician genera. 

The cross section is equally variable. In S. lentiexpanswm the dorsum is nearly 
as well rounded as the venter. In most species it is slightly convex but relatively 
flat in comparison to the venter. In S. opfletwm and S. wiapresswm the dorsum 
is strongly flattened and even develops a slight impressed zone. The venter is 
rounded in the simpler species. In S. vetwstiwm it is highly arched so that with the 
strongly flattened dorsum the cross section of the shell is nearly semicircular. In 
S. canadense there is the beginning of a vertral keel and the ventrolateral regions 
are slightly flattened. The keel is better developed in S. oppletum and S. impres- 
sum. s 

The sutures are uniform in their dorsal lobes, but vary considerably in the 
depth and expression of this structure. Further, in S. oppletiun the ventral sutures 
tend to slope forward forming a low broad saddle, while in S. citheron a ventral 
lobe is produced instead, and in S. gibbosum there appears to be a pair of lateral 
lobes separating the low ventral saddle from the pair of low saddles flanking the 
faint dorsal lobe. 

The siphuncle has been observed in only a few of these species. The segments 
are parallel-sided throughout most of their length and abruptly constricted at the 
septal foramen in the genotype and in S. canadense. Barrande has figured the 
siphuncle of S. wetwstum as composed of rounded and relatively fusiform seg- 
ments. No organic ceposits are known in either the camere or siphuncle of this 
species but have been observed in S. cana:'cise and are beautifully developed in 
S. oppletum. 

A mature living chamber has been observed only in S. gibboswm, There is 
no basis for stating whether other species should have a similarly gibbous living 
chamber, characterized by a remarkable lateral contraction as the shell approaches 
the aperture. It is distinctly possible, since somewhat comparable contractions 
of the living chamber have been noted in the related genera Gyronedyceras, 
Nedyceras and Brevicoceras. On the other hand, such a condition is hardly con- 
sistent with the remarkable vertical contraction of the shell shown in the adoral 
part of the phragmocone of S. oppletwm and S. impresswm. 


Stereostoceras oppletum Flower, n. sp. 
Plate 1, figures 1-4; Plate 2, figures 1, 2; Plate 3, figures 1, 2 


This is a large gyroceracone which, when complete, consisted of two and a 
half to three whorls, with a coil reaching nearly a foot across. The shell is smooth, 
with only lines of growth, which slope apicad on the venter forming a hyponomic 
sinus. The whorls are free, broadly separated initially, but probably in contact 
at the completion of the second volution. The cross section is transverse, the 
dorsum faintly convex, but becoming increasingly flattened; the venter, rounded 
initially, developes a keel so that the section becomes subtriangular. The ventral 
siphuncle is made up of serments, at first nummuloidal, then parallel-sided within 
the camera, abruptly contracted at the septal foramen, the interior with deposits 
consisting of annuli at the septal foramina which send out very irregular actino- 
siphonate processes. The camere are occupied by extensive organic deposits. 

This species is known to me from two specimens. The holotype shows the 
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greater part of the phragmocone illustrating such remarkable changes in propor- 
tion that I describe it in detail. The paratype (Plate 3, fig. 2) consists only of 
one side of a portion of a phragmocone from a relatively late growth stage. 

The holotype consists of two portions of a phragmocone, the first describing 
one and one quarter volutions, with perhaps a quarter of a volution missing 
apically, while the second represents slightly less than a quarter of a volution. 
The two portions cannot be connected, a small piece, probably of not more than 
four camere being missing. The earlier portion attains a whorl of 130 mm.; with 
the second piece in place the whorl attains 160 mm. The apex of the specimen is 
blunt, and probably about a quarter of a volution is missing here. In the ventral 
length of 9 mm. the height becomes It mm., the width is estimated at 14 mm. 
Here the venter is rounded, the dorsum strongly flattened. The specimen shows 
the following measurements : 


Interval on venter Volutions Ileight and width 
74 mm. from apparent apex ¥y, 22 xaae 
35 mm. from above I 38 x 68 
S85 mm. from above iy 48 x 82 
(interval lost, not one sixth 
of volution) 49. 77. 
130 min. (from above) 2V 56 x 104 


At the completion of the first volution the venter becomes subtriangular and 
faintly keeled, a condition which is reduced a half volution farther. The dorsum 
becomes gradually and progressively flattened throughout. 

Sutures are straight and transverse in the first half volution, after which broad 
low ventral saddles develop, and the sutures become faintly oblique. The dorsal 
portion of the suture remains straight to the end of the first half volution, where 
a vestige of a median saddle appears between a pair of dorsal lobes (Tlate 1, fig, 
4), a condition which persists into the adult. 

Septa are very shallow in their curvature throughout the shell, the depth 
varying from 3 mm. where the shell height is 17 mm., to 7 mm. where the shell 
height is 48 mm. The cameve are shallow, ranving from four in a length equal 
to an adoral shell height of 22 mm., to five and one half at 27 mm., seven at 48 mm. 
Owing to the decrease in the rate of expansion in the last quarter volution, the 
camer are proportionately deeper there as customarily measured, occurring five 
in a length equal to an adoral shell height of 56 mm. 

The siphuncle is ventral in pcsition. In the first half velution, it is separated 
by more than its own diameter from the shell wall, but moves closer to the venter 
in the later portions. Where the height of the shell is 48 mm., the siphuncle is 
3 mm. in diameter and 3 mm, from the venter. In the last quarter volution of the 
type the siphuncle is 2 mm. from the venter, and is 6 mm. high and 4 mm. broad 
at its passage through the septum. 5 

A portion of the ventral surface was ground away to expose the siphuncle 
(Plate 2, figs. 1, 2). Where the shell height is 38 mm., the segment is 5.5 mm. in 
length. The segment increases in diameter from 3 mm. to 4.5 mm, The seement 
is subcylindrical throughout the greater part of the length of the camera, con- 
tracting abruptly at either end. The septal neck is recurved, brim equalling the 
length of the neck. The adapical part of the ring joins the adapical septum with 
an area of adnation equal to the brim. 
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The siphuncle is occupied by rather irregular organic deposits (Plate 2, 
fig. 1). They are largely, but not completely, confined to the area of the septal 
foramen and appear in longitudinal section as rather irregular annulosiphonate 
structures. However, they can be seen continuing irregularly over the length 
of the segment, where they appear to be irregular thickenings of the connecting 
ring. Also, there are irregular processes which extend apicad and orad from 
the main mass of the deposit which appear as irregular actinosiphonate rays. 
The several cross sections at the septal foramen fail, without exception, to show 
the regular actinosiphonate structure which is found in so many cyrtochoanitic 
venera. 

The most remarkable feature of the species is the clarity with which the 
cameral deposits are displayed on the internal mold of the shell. These are 
shown in the adoral part in Plate 2, figure 2, again in section in Plate 2, figure 
1; while they are seen in their more advanced condition in the region of the 
shell directly apicad of that in which the siphuncle was studied in detail, as 
shown in Plate 3, figure 1. The deposits are obsure in the early part of the 
shell, being best developed at a region extending from one half to one and one 
half volutions from the apex of the type. 

The paratype increases vertically from 70 mm, to 102 mm. and agrees closely 
with the holotype. It is chiefly of interest in that its origin is more accurately 
known. 

Fragments of the shell show indications of growth lines which slope apicad 
on the venter forming a hyponomic sinus 

Discussion — This species, the most adequately known of the genus, shows 
a number of very unusual growth features which justify the detailed description 
set forth above. Most remarkable is the marked change which occurs early 
in the second whorl, the sudden decrease in the rate of expansion accompanied 
by the development of a subtriangular section and the movement of the siphuncle 
to a position adjacent to the ventral wall of the shell. The apparent increase 
in the depth of the camere at this point is purely relative. The camer increase 
gradually and uniformly in depth orad, but where the rate of expansion of the 
shell decreases abruptly, the apparent change in septation results when the 
cameree are measured, as is customary, in relation to the width or height of 
the shell. 

The two fragments which constitute the holotype at first seemed to belong 
to different individuals; indeed, the differences shown between them are 
equivalent to some which have been taken as the criteria of different species. 
However, it was evident that such changes were the result of the examination 
cf different growth stages. Irritatingly, the two pieces did not fit. However, 
the later fragment would fit, its dorsum resting on the impression of an 
outer whorl preserved on the initial portion, on the assumption that a portion 
of the phragmocone consisting of about four cameree had been lost. This, 
however, requires that the whorls at this point should lie in contact with one 
another, an assumption which at first seemed such a departure from the usual 
condition in coiled cephalopods, that I was tempted to reject it. However, 
some support for this interpretation was found in S. impresswm which develops 
an impressed zone or at least a concavity of the dorsum very suggestive of 
one, Another singular feature shown in this species, which I at first thought 
was a mistake in my own measurement, was the failure of the adoral part of 
the shell to increase in height. S. impressum again shows that this is not 
accidental, for in that species the height of the whorl decreases slightly over 
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the adoral part of the phragmocone. This indicates that in the types of S. 
oppletum we are dealing with a portion of the phragmocone which is approach- 
ing maturity. Nothing is known of the living chamber. By all analogy with 
related species, the living chamber was relatively short. 

The most amazing feature of the type is the presence of actinosiphonate 
and cameral deposits. When this specimen, the first representative of the 
genus I had encountered, came into my hands, much time was devoted, in vain, 
to an attempt to correlate the form in some way with the spinous Devonian 
gyroceracones which possessed nummuloidal siphuncles. Not until much later, 
and after I had come upon several other species of this genus, did its relation- 
ship with the brevicones and trochoceroids of the Brevicoceratide become 
apparent. 

There is some doubt in my mind as to the origin of the holotype. It came 
to me bearing a label “Devonian of Ohio.” Its lithology was completely 
foreign to any Devonian formation known to me from Ohio. I showed the 
specimen to Dr, G. A. Cooper and asked his opinion of its origin. He was 
also puzzled but stated that if the label were correct, the specimen could only 
have come from Delaware limestone of northern Ohio. Later, in material 
from the U. S. National Museum, a second specimen was found among material 
from the Alpena limestone of Michigan. Unfortunately the type was too 
singular and too complete to be set aside in favor of the second and more 
iragmentary specimen, which was not sufficient to give any concept of more 
than a small portion of the shell of this species. JI am inclined to suspect that 
the holotype may also have come from the Alpena limestone of Michigan. 
The lithology of the specimen is reminiscent of only two formations, the other 
being the Middle Devonian of the Eifel region of Germany which has as yet 
yielded nothing resembling this singular species. 


Types — Holotype, Buffalo Museum of Science, No. E4091. Paratype, 
U.S. National Museum, unnumbered. 
Occurrence. — As noted above in the discussion, the holotype is labeled 


“Devonian of Ohio.” If correct, it is probably from the Delaware limestone 
of northern Ohio. The paratype is from the Alpena limestone. 


Stereotoceras halli Flower, n. sp. 


Plate 1, figure 5. 
Lroehoceras capansum Wall, 1879, Paleontology of New York, vol. 5, pt. 2, p. 402 
(pars) pl. 101, fig. 5; not pl. 58, fig. 6. 

The holotype is a portion of a small gyroceracone, the preserved part 
encompassing slightly less than half a volution, only the dorsum well preserved, 
and the whole specimen slightly flattened. The cross section is depressed, 
the venter relatively high arched; the dorsum flatter, but still slightly convex. 
At the base the type is 11.5 mm. high and 19 mm. wide. The width increases 
to 34 mm. in a length of 28 mm, dorsally. Six camer are preserved, occupy- 
ing 14 mm. of the dorsal lencth. These average 2 mm. in length, except the 
last which is 1 mm. in length, indicating that the type represents an essentially 
mature shell. The sutures develop broad shallow mid-dorsal Tobes separated 
by low saddles, which are more pronounced adorally than adapically. Ap- 
parently, the suture is straight ventrally. The siphuncle lies close to the 
ventral wall of the shell. Its structure has not been observed. The extant 
portion of the living chamber, 17 mm. in length, increases in width from 28 
mm. to 34 mm. No surface features are shown. 
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Discussion — Hall (1876) figured a specimen as Trochoceras obliquatum 
which he later made one of the two illustrated specimens accompanying his 
description of Trochoceras expansum. This specimen (American Museum 
of Natural History, No. 2888, original of Trochoceras obliquatum Hall, 1876, 
Illustration of Devonian Fossils, Cephalopoda, pl. 48, fig. 6, and of Trochoceras 
cxpansum Hall, 1878, Pal. New York, vol. 5, pt 2, pl. 58, fig. 6) seems to be 
the one upon which the greater part of Hall’s description is based, and is 
therefore selected as the lectotvpe of that species. The other specimen, the 
criginal of Hall, 1878, pl. 111, fig 


ie 


5, is a very different species, being more 
rapidly expanding and gyroconic and not trochoceroid. It is the type of the 
uew species S. halli, and is re-illustrated in the present work. Several addi- 
tional representatives were found in the collection of the New York State 
Museum, but all were poorer specimens and failed to add to the knowledge 
of this form, 

S. halli appears to be a relatively rapidly expanding species, though the 
rate of expansion has evidently been increased somewhat in all available speci- 
mens by vertical crushing. From the lack of distortion of the basal septum 
of the type, however, it is evident that at that point the cross section of the 
specimen has not been altered materially. The species is characterized readily 
by the combination of dorsal lobes of the sutures which are well developed and 
a cross section in which the dorsum is still markedly convex, although 
much more flattened than the venter. All of the known specimens are flattened 
individuals showing the dorsum. Probably fragments showing the ventral 
side exist, but have been confused with badly flattened fragments of Nedy- 
ceras. Probably the complete shell described a little: more than a_ single 
volution, with the whorls rather widely separated. 

Holotype. — New York State Museum No. 12565/1. 

Occurrence. — In the Schoharie grit of Schoharie and Albany counties. 
The type is from Schoharie, N. Y. 1 have collected the species at Wolf Hill, 
Albany County, N. Y. 


Stereotoceras canadense Flower, n. sp. 
Plate 5, figures 1-3. 


Holotype a portion of a phragmocone with a portion of the living chamber, 
increasing from a height of 13 mm. and a width of 16 mm. to 25 mm. and 35 
imm. in the basal 75 mm. as measured on the venter, with a ventral radius 
of curvature of 60 mm. in the early portion, increasing slightly over the 
incomplete living chamber which is 35 mm. in length. The cross section 1s 
cepressed, the dorsum more flattened than the venter, but faintly convex. 
The venter is well arched, nearly semicixcular, with a faint trace of a median 
keel. The sutures describe broad lobes on the flattened dorsum, are transverse 
laterally, and form low subangular saddles on the venter which shows only 
a trace of a median angulation in cross section. Five camera occupy a length 
equal to the adoral height of 24 mm. and are uniformly spaced throughout 
except that the last camera is slightly shorter than the others, indicating that 
the type is approaching maturity. The siphuncle is close to the venter and is 
exposed by weathering on the type. The segments are expanded within the 
camere abruptly at the ends, but are nearly parallel-sided throughout the 
greater extent of their length within the camere. Faint traces of organic 
deposits can be seen in the siphuncle and are concentrated at the septal 
foramina. They fail to show definite actinosiphonate structure. Faint traces 
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of cameral deposits can be seen on the ventral side of the shell. The 
mature living chamber has a basal width of 35 mm., a height of 25 mm. and 
a maximum (lateral) length of 34 mm. 

The complete shell could hardly have consisted of more than three fourths 
of a volution. 

Discussion, — This is a relatively slender and gently curved species. 
It differs markedly from S. citheron in the more rounded condition of the 
dorsum in cross section. The section is much less specialized than that of the 
genotype, which it resembles in the form and structure of the siphuncle and 
in the presence of cameral deposits. The species which is most closely allied 
is S. halli of the Schoharie grit. That form is more rapidly expanding. The 
shell is more strongly curved, and the dorsal lobes of the sutures are narrower 
and less pronounced. The spacing of the camere is also somewhat closer. 
Differences in the cross section may be more apparent than real, but S. halli 
appears to have a cross section in which the dorsum is more convex and the 
venter is flatter. Further, S. jalli shows no trace of any tendency toward the 
development of an obscure keel on the mid-ventral part of the shell. 

Holotype. — Canada Geological Survey, Victoria Memorial Museum. 

Occurrence. — From the Onondaga limestone, Walpole township, Ontario. 


Stereotoceras citheren Flower, n. sp. 


Plate 6, figures 1-3. 


Shell very gently curved and slowly enlarging, with a radius of curvature 
of 15 cm. for the known portion, which expands from 34 mm. to 44 mm. 
with estimated widths of 56 mm. and 70 mm. in 70 mm. The type is 125 mm. 
long, but the venter is lost adorally by weathering, and the adapical portion 
is laterally crushed. Cross section depressed, the dorsum more flattened than 
the venter but still convex. The venter is rounded with no trace of a median 
angle. Sutures bear a broad, inconspicuous ventral and a more prominent 
dorsal lobe. Camerz occur between five and six in a length equal to the 
adoral height of the conch. Siphuncle and septa net observed. The surface 
Lears numerous transverse striz of variable strength and spacing which slope 
apicad on the venter to form a hyponomic sinus. 

Discussion. — The type consists of a portion of a curved phragmocone 
which represents a shell of such gradual curvature that it must have been 
essentially cyrtoconic rather than gyroconic unless curvature was much greater 
in the adapical portions. The slight curvature and very gradual expansion 
serve as the best criteria of the species, but it also differs from its congeners 
in suture and cross section. In other species the sutures are transverse 
ventrally ; in this one they slope slightly apicad forming broad obscure lobes. 
The dorsal lobe of the suture is broad and shallow, deeper than that of 
S. lentiexpansum, a species which differs materially in cross section, for the 
dorsum there is much more rounded. In S. gibbosum the curvature is greater, 
the sutures tend to swing slightly forward on the venter, and the septa are 
relatively closely spaced. 

The shell was probably mature, as indicated by a slight shortening of 
the last camera. 

Holotype. — Buffalo Museum of Science. 


Occurrence. — From the Stafford limestone of the Hamilton group, South 
Buffalo, N. Y. 
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Stereotoceras lentiexpansum Flower, n. sp. 


Plate 3, figure 4; Plate 4, figure 1; Plate 6, figures 4-5. 


The type, and only known specimen, consists of somewhat less than a fifth 
of a volution representing a portion of a phragmocone of a very large gyrocera- 
cone. The fragment has a ventral radius of curvature of 13 cm. The cross 
section is depressed, but with the dorsum nearly as convex as the venter, (Plate 
4, fig. 1) both well rounded and lacking the ventral angulation and the dorsal 
flattening found in most other members of the genus. The cross section at 
the base of the specimen is 50 mm. high and 70 mm. wide. The width of 
the shell increases from 70 mm. to 78 mm. in the basal 50 mm., while the 
height does not increase. Beyond this point the weathering of the left side 
of the specimen and the venter makes accurate reconstruction of the proportions 
impossible. The shell height apparently does not increase beyond 50 mm, to 
the adoral end, though the width continues to increase apparently at the 
uniform rate indicated in the basal portion, and probably attained there a 
width of about 90 mm. 

Sutures are straight and transverse over the venter but develop faint 
broad lobes on the dorsum. The basal septum is evenly curved, with a depth 
of ro mm., one fifth the height of the shell at this point. The siphuncle is 
located close to the venter. Its structure in section has not been observed. 
The camere are closely spaced, eight occurring in a length equal to the adoral 
shell height of 50 mm. The entire specimen is septate, but the septa are not 
preserved throughout, and on the adoral end even the sutures are faint. The 
basal camera is only 5 mm. deep, but at the adoral end a camera 10 mm. 
deep is shown. The adoral increase in depth is rapid adapically, but the 
depth of the camerze is nearly uniform over the greater part of the length of 
the shell. No trace of the shell or surface markings remains. 

Discussion. — This species is at once distinguished by the nearly equal 
rounding of dorsum and venter in cross section. In spite of this, there is 
still a trace of the dorsal lobes of the sutures which distinguish other members 
of the genus and which are generally associated there with a more flattened 
dorsum. In section this species is appreached only by S. gibbosum of the 
Ithaca shale. In that species, the sutures are more strongly modified, 
the ®camere are much more closely spaced, and probably the dorsum 
there was actually much more strongly flattened in section than was the 
venter. In section S. lentiexpanswm is the most generalized of our species, 
upon the dangerous assumption that a simple cross section is generalized. 
However, it was apparently not primitive, for the flattened dorsum appears 
to be a primitive character. It is interesting to note that, although the flattening 
of the dorsum has been lost in this species, the dorsal lobe of the sutures, a 
normal result of such a condition in a cross section, has nevertheless, been 
retained. 

The shell, when complete, must have been a gyroceracone of very ap- 
preciable proportions. Even assuming that the part of the phragmocone 
represented by the type was near to a very short living chamber, the shell 
must have encompassed about two volutions, describing a disc at least ten 
inches across. This would be greater were the actual radius of curvature 
of the venter considered as original, but there is clear evidence that apparent 
curvature of the shell has been somewhat decreased by flattening. 
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The type, in spite of its badly weathered condition, shows the characters 
of the species very clearly. As can be seen from the illustration, a portion 
had been removed from the base of the specimen by making two cuts with 
a saw. I have restored this section in place with plasticine before photo- 
graphing the type. This section shows that the septa are very incompletely 
preserved, and adds insult to injury by just missing the siphuncle. It should 
be clearly understood that this sectioning was done before the specimen 
came into my hands, and that I had nothing to do with it. I did not attempt 
to grind further to expose the siphuncle. The poor preservation of the septa 
inade it seem very dubious whether the siphuncle was preserved, and to 
reach the siphuncle about 4 mm. of the larger part of the specimen would 
have been lost. The apparent siphuncle shown in Plate 3, figure 4 is ad- 
ventitious. 


Holotype. — Geological Survey of Canada, Victoria Memorial Museum, 
No. 3829. 
Occurrence. — Hamilton beds, Bosanquet township, Ontario. Probably 


from the Hungry Hollow formation, the equivalent of the Centerfield limestone 
of New York. 


Stereotoceras gibbosum Flower, n. sp. 


Plate 2, figure 3; Plate 4, figure 3. 


The holotype, and only known specimen, consists of a vertically crushed 
portion of a gyroceracone, 160 mm. in length, consisting of ten camer and 
a complete mature living chamber. The shell is curved, the venter convex, 
with a radius of curvature of 15 mm. for the apical half of the specimen, 
the adoral half becoming straighter. The dorsum is correspondingly concave. 
In its present condition the shell expands from 40 mm. and 85 mm, to 35 mm. 
and 120 mm. in the basal 90 mm. In the next 70 mm., it contracts to 40 mm. 
and 105 mm. at the aperture. The conch expands uniformly to the aperture 
vertically, but laterally the sides become convex over the mature living chamber 
and approach each other in the adoral half so that the aperture is constricted 
literally. 

The cross section of the shell has been distorted by vertical flattening. 
[lowever, it is evident that the dorsum, though slightly flattened, was broadly 
convex, while the venter was more highly arched. It was apparently devoid of 
a ventral keel, though flattened slightly ventrolaterally and more strongly 
curved in the central portion. 

The sutures form low broad saddles over the venter, lateral lobes, and 
a dorsal saddle which is strongly flattened in the greater part of its course 
over the dorsum. No trace of the siphuncle remains. 

The surface markings are strongly impressed upon’ the internal mold. 
They consist of rugose lines of growth which are transverse dorsally, but 
slope apicad on the ventral surface to a broad but prominent V-shaped 
hyponomic sinus. 

Discussion, — The cross section showing the rounded venter with an obscure 
vestige of a keel, the flattened dorsum, and flattening of the dorsal sutures, 
together with the very broad form, indicate that this is a typical Stereoto- 
ceras. The most amazing feature of the species is the gibbous living chamber and 
the laterally contracted aperture. Unfortunately, this is the only species 
of Stereotoceras of which a mature aperture is know. This leaves to conjecture 
the question whether in other species the living chamber may be slightly 
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gibbous laterally as well. This tendency is not completely unexpected in 
the genus, for it is obviously allied to the breviconic genus Brevicoceras, which 
is essentially a greatly shortened edition of Stereotoceras with the curvature 
much reduced. Whatever the habit of the genus may have been as to the 
living chamber, probably the contracted aperture was not universally shared. 
S. impressum shows in the adoral part of the phragmocone a vertical contraction 
of the shell which presumably continued over the living chamber. 

S. gibbosum is another of those irritatingly rare species which is known 
only from the holotype. From S. lentiexpansum of the Hamilton of Ontario, 
it differs materially in the suture pattern and also in the much closer spacing 
of the septa on the dorsum. It was probably a much more strongly curved 
species, and evidently the dorsum was much more prominently flattened 
in its original state. 

Holotype. — Cornell University, No. 5548. 

Occurrence. — Ithaca shale, Upper Devonian, from the old University 
quarries, now filled in, in the middle part of the Ithaca formation, located 
below McGraw Hall cn the Cornell University campus. 


Stereotoceras impressum Flower, n. sp. 


Plate 3, figure 3; Plate 4, figure 2; Plate 5, figures 4-5. 


The holotype is a portion of an internal mold of the outer whorl of a 
large gyroceracone, retaining the extreme base of a living chamber. The 
cross section is strongly triangular at the base, the dorsum being very faintly 
concave, the umbilical shoulders strongly rounded, the greatest width being 
attained two-fifths of the distance from the dorsum to the venter. Ventrad 
of this point the curvature of the sides is reduced as they converge to a 
rounded, but well-defined, ventral keel. The height is 57 mm., the width 
62 mm. In the length of the specimen, 125 mm. on the venter, 123 mm. on 
the dorsum, the dorsum has become broader and flatter, the trace of the 
concavity in its center lost. The point of greatest width is one-third the 
distance from the dorsum to the venter. Here the height has decreased to 
50 mm., while the width has increased to 64 mm. ’ 

The shell is only very gently curved, the average radius of curvature 
being 20 mm. for the ventral profile. 

The sutures are straight and transverse to the curving axis of the shell 
on the ventral surface. On the dorsum a median rounded lobe is flanked 
by a pair of low rounded saddles. The 12 camere of the type vary rather 
‘erratically from 9 mm. to 12 mm. in depth on the midventral region. Six 
camere occupy a length equal to an adoral shell width of 62 mm., and five 
and a half in a length equal to the corresponding height of 57 mm. 

Only an obscure trace of the siphuncle can be seen at the base of the speci- 
men, It lies close to the venter. No trace of the shell is preserved. The internal 
mold bears evidence of obscure longitudinal markings which were probably 
a feature of the interior of the shell rather than the exterior and might even 
represent the slightest vestiges of cameral deposits. 

Discussion. — The species is a singular one in that, in a portion of a 
shell so slightly curved as to appear cyrtoconic rather than gyroconic, there 
is a concavity of the dorsum. Such a dorsal concavity is a feature ordinarily 
associated with coiling tight enough to result in an impressed zone. For this 
reason, the presence of an impressed zone has often been inferred from such 
a concavity alone, when only a portion of an outer whorl is available for study. 


to 
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In certain of the Rutoceratidae, notably in Homoadelphoceras and Tetrano- 
doceras, the concave dorsum is clearly developed in shells in which the 
whorls are free throughout life. This appears to be true also of S. impressum. 

The species, when complete, must have attained rather large proportions 
and must have represented a coil of better than a foot and a half across. We 
have no indication whether the early portion of the shell was so tightly coiled 
as to develop an impressed zone or not; in general, such impressed zones on 
the dorsum of a mature whorl indicate impression in the earlier stages. If so, 
this species was probably one which was initially gyroceraconic, possibly with 
the whorls later coming into contact for a short distance and then becoming 
free. S. vetustwm of Bohemia has the whorls in contact from an early stage. 
However, in S. oppletum, the whorls are only approaching contact at the 
completion of the second whorl, and are separated, indeed, widely separated, 
well beyond the completion of the first whorl as can be seen from our photo- 
graph (Plate 1, figure r). 

Nothing resembling this amazing species has been found in the Upper 
Devonian anywhere in the world so far as 1 am aware. The species is 
evidently a rare one, for the holotype is the only known specimen. In spite 
of the extensive collections which have beén made from the Naples beds, 
not another fragment referable to the species, or indeed at all similar to it, 
has yet come to my attention. 

Holotype. — New York State Museum, No. 105109. 

Occurrence. — From the Cashaqua shale, Naples, N. Y. 


Stereotoceras vetustum (Barrande) 


Nautilus vetustus Barrande, 1865, Systéme Silurien du centre de la Bohéme, vol. 2, 
text I, p. 152, pl. 35, 1865-67, fig. 2-5. 

Naedyceras vetustus Hyatt, 1898, Amer. Phil. Soe., Proe., vol. 22, p. 526. 

This species, referred to N@dyceras by Hyatt, possesses several character- 
istics which bar it from the genus. The section, flattened on the dorsum and 
rounded on the venter and faintly subtriangular, is correct for that genus, 
but also for Stereotoceras. The rate of enlargement is typical of Stereotoceras 
but too great for any typical N@dyceras. Most important, there is no trace 
of trochoceroid curvature, but the shell is that of a gyroceracone in which 
the whorls were barely in contact. It shows all the features of a Stereotoceras 
in an early stage of evolution, for the dorsal sutures have not yet developed 
the faint lobes which are characteristic of advanced members of the genus. 

The shell is coiled, apparently with the whorls either very narrowly 
separated or barely in contact. No impressed zone is developed. The type 
consists of slightly more than one volution, but I should concur with Bar- 
rande in believing that the complete shell probably consisted of two or three 
whorls. 

The cross section at the base of the specimen is broadly depressed, the 
dorsum scarcely convex, the sides strongly rounded, the venter broadly 
arched. At this stage the section is broader in proportion to the height than 
the observed stages of S. lentiexpansum, where the dorsum is more convex, 
However, in the growth of the shell the height apparently increases much 
more rapidly than the width, so that in half a volution the width of the shell 
is scarcely greater than the height. If this were to continue in later parts of 
the shell, although I have no reason to believe that it does, the complete 
conch would have more the aspect of a Nephriticeras than that of a Stereoto- 
ceras. However, the relationships are made evident not only by the cross 
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section and sutures of the known stages, but also by the marginal position 
of the siphuncle, which is never ventral in the Rhadinoceratidee and normally 
jies dorsad of the center of the shell. 

The siphuncle is illustrated as composed of segments that are slender 
but nummuloidal, evidently with cyrtochoanitic necks, though the expansion 
of the segment within the camera is more gradual than that of either S 
oppletum or S. canadense. No trace of organic deposits has been found in 
the species. This is not conclusive, for evidently neither of the specimens 
which Barrande figured represents a mature shell. 

No trace of the shell is preserved. The internal mold is smooth and 
gives no indication of the surface features. 

This species is typical of Stereotoceras in form, cross section, and siphuncle. 
In cross section, it is intermediate between those species with a convex dorsum, 
S. halli, S. gibbosum, S. lentiexpansum, S. canadense, and those with the 
dorsum definitely flattened or concave, S. oppletum and S. impressum. The 
cross section of the early part is probably most closely approached by 5S. 
canadense, but that species differs in that the curvature is much less marked, 
and the rate of vertical expansion of the shell is much greater. Further, 
S. vetustus is essentially a tarphyconic shell, while S. canadense was cyrtoconic 
or, at the most, gyroconic. 

I have had opportunity to study a specimen in the collections of the Museum 
of Comparative Zoology (No, 5026) labeled by Hyatt “NV. sp. Group of (N.) 
vetustus sp. of Barrande. A _nautilian? form allied to vetustus but with 
torticonic? form.” This is an undescribed species belonging to Nedyceras, 
and probably accounts for Hyatt’s attribution of Nautilus vetustus to that 
genus (Hyatt, 1894). 

Occurrence. — From the calcareous band G3, Middle Devonian, Hlubocep, 
Bohemia. 


Stereotoceras (?) cruciferum (Hall) 
Plate 2, figure 4. 
Gomphoceras (?) ecruciferum Hall, 1879, Paleontology of New York, BOL Bh, itis 2 
p. 328, pl. 93, fig. 4. 
‘*Gomphoceras’’ cruciferum Flower, 1938. Paleont. Amer. vol. 2, No. 9, p. 70. 
Brevicoceras ? cruciferum Kindle and Miller, 1939, Geol. Soe. Amer., Sp. Papers, 
No. 23. p. 49. 

This species is known only from the single specimen upon which Hall 
based his description of the species. It is a badly crushed shell, the most 
conspicuous feature of which is the convex surface of the septum, showing 
a siphuncle and a cruciform pattern on the septal surface. In addition, 
below the septal surface, as the specimen is oriented both by Hall and on our 
own plates, there are faint traces of the shell showing that this was a curved 
and not a straight species. On this basis, the shell appears to be a gyroceracone 
or a cyrtoceracone. Further, the preserved portion of the shell wall shows 
faint traces of several sutures. 

The septal surface is 44 mm. high and 4o mm. wide, the siphuncle is 
located 9 mm, from the venter and is 2 mm. in diameter at the septal foramen. 
Dorsad of the siphuncle is a long, raised area; a shorter one lies to the 
venter, while fainter lateral markings join these to form the cruciform pattern 
which gave the species its name. These markings are clearly the molds of 
cameral deposits. On this basis, I tentatively refer this species to Stereotoceras. 
It is atypical of the genus in the narrow condition of the whorl and in the 
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distance from which the siphuncle is removed from the venter. However, 
no other curved genus is as yet known to possess cameral deposits in the 
Devonian. The cross section is typical in that the dorsum is somewhat 
flattened, the venter more arched and narrowly rounded. The section does 
not, however, recall that of Gyron@dyceras, which it typically a much 
more strongly compressed shell, in which the siphuncle, as in typical Stereoto- 
ceras, is close to the venter, and which is known to contain actinosiphonate 
deposits. 

The generic position of this species is still a perplexing matter. I have 
removed it to Stereotoceras because it seems to fit here better than in any 
other described genus. It has no apparent affinities with any breviconic shell, 
and it is difficult to see why Kindle and Miller attempted to place the species 
in the genus Brevicoceras, which was some improvement over leaving it in 
Gomphoceras, but not much. 

In spite of the large amount of material that has been collected from 
the Schoharie grit, no additional forms have been found that can be recognized 
as conspecific with Hall’s type of S. cruciferum. 

Holotype. — New York State Museum, No. 12185/1. 

Occurrence. — In the Schoharie grit, Schoharie, N. Y. 
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EXPLANATION OF PLATE I (34) 


Figure Page 


1-4. Stereotoceras oppletum Flower 1: sp. 2 ee 13 
Holotype, Buffalo Museum No. E4091. (1) Lateral view of early 
portion. (2) Septal (3) lateral and (4) dorsal views of adoral part 
of phragmocone. A small portion, probably not more than four camer, 
is missing between these two portions. 
**Devonian of Ohio’’ probably Delaware limestone. 
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Holotype, New York State Museum, No. 12565/1. Original of 
Trochoceras expansum Hall, 1878, Paleontology of New York, vol. 5, 
pt. 2, pl. 111, fig. 5. Dorsal aspeet. Schoharie grit. 


Pl. 34, Vol. III PALHONTOGRAPHICA AMERICANA No. 24, Pl. 1 


IPILANINE, 2 (35) 
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EXPLANATION OF PLATE 2 (35) : 


Figure Page 


i=2, Stereotoceras io ppletism: Elow.er,y 11s iSpy eee eee Serene 13 


Holotype. (1) Enlargement of section of ventral face, showing 
siphunele, also traces of cameral deposits in section. (2) Ventral yiew. 
of same specimen, X 1, consisting of the adoral camer shown in pl. 1, 
fig. 1. 


3 | Suereoroceras gibbosum™ Hower ens Sp yp ee ; ke eee 20 


Holotype, ventral view, 14. Cornell University, No. 5548, Ithaea 
shale, Cornell University Quarries, Ithaca, N. Y. See also pl. 4, fig. 3. 


4. Stereotoceras (?) cruciferwm (Hall) .-______.____._ 23 


Holotype, septal view. New York State Museum, No. 12185/1. 
Schoharie grit, Schoharie, N. Y. 


Pl. 35, Vol. III PALHONTOGRAPHICA AMERICANA No. 24, Pl. 2 
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EXPLANATION OF PLATE 3 (36) 


Figure Page 


Te2"  Sitereotocenas, oppletunn lower sets pee ee een EEE 13 
(1) Holotype, ventral view of region immediately preceding that 
shown in Pl. 2, fig. 2, showing molds of eameral deposits. (2) Para- . 
type, U. S. N. M. lateral view X 1%. From the Alpena limestone. 
Caleite, Michigan, Michigan Limestone and Chemical Company, two 
miles east of Roger’s City, Mich. 


2. Stereotoceras wmpressum Mlowem ne Spy ee A A ene epee 21 
Holotype, New York State Museum, No. 10, 519, ventral view. 
Cashaqua shale, Naples, New York. 


4. Stereoroceras lentiexpansum lowers iSpy ee 19 
Holotype, ventral view, 1. Canada Geological Survey, Victoria 
Memorial Museum, No. 3829. Bosanquet township, Ontario, from beds 
of Hamilton age. 


Pl. 36, Vol. III 
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EXPLANATION OF PLATE 4 (37) 


Figure Page 


1. Stereotoceras lentiexpansum Flower, n. sp. -—--—-—-—- = = 16) 


Holotype, septal view. Canada Geological Survey, No. 3829. Hamil- 
ton beds, Bosanquet township. Venter at top. 


2, (Stereotoceras 1mpressums Blower 1 )SP ye 21 


Holotype, seen from the adoral end. New York State Museum, No. 
10,519. Cashaqua shale, Naples, N. Y. Venter at top. 


By SMENCOLOCEnaS, GlODO SWI ELOWCKs) 11s SPs 20 


Dorsal view of holotype, 1. Cornell University, No. 5548. Ithaca 
shale, Upper Devonian, University Quarries, Ithaca, N. Y. 


Pl. 37, Vol. Ul PALHONTOGRAPHICA AMERICANA No. 24, Pl. 4 
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EXPLANATION OF PLATE 5 (38) 


Figure Page 


Ue, SVORAOUORAAES COLOR? Wikonere, Sa, Sp; Sy, 


Holotype. (1) Ventral (2) lateral and (3) dorsal views. Canada 
Geological Survey, Victoria Memorial Museum. Onondaga limestone, 
Walpole, Ontario. f 


AB, SHTHADIOCOHIS (CDRS SENON IT, Ty S50) 21 


Holotype. (4) Lateral and (5) dorsal views. New York State 
Museum, No. 10,519. Cashaqua shale, Naples, N. Y. 


PALHZONTOGRAPHICA AMERICANA No. 24, Pl. 5 


Pl. 38, Vol. III 
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EXPLANATION OF PLATE 6 (39) 


Figure Page 


L=2en SILEREOLOGETOS NEILVEN OTD ENLONVET am t1si tS [seen craic 
Holotype. (1) Dorsal (2) lateral and (3) ventral views. The 
ventral surface is badly weatherel. Buffalo Museum of Science. Staf- 
ford limestone, South Buffalo, N. Y. 


A-5. stereotoceras lentiexpansum Flower, n. sp) = 19 
Holotype. (4) Lateral and (5) dorsal views. Canada Geological 
Survey, No. 3829. Hamilton beds, Bosanquet township, Ontario. 


Pl. 39, Vol. III PALZONTOGRAPHICA AMERICANA No. 24, Pl. 6 
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THE PELECYPOD GENUS VENERICARDIA 
IN THE PALEOCENE AND EOCENE 
OF WESTERN NORTH AMERICA 


By 


Prpro VERASTEGUI 


ABSTRACT 


This paper presents the results of a systematic study of the pelecypod genus Venericardia 
from the Paleocene and Eocene of western North America. An attempt is made to establish 
the relation of the western American Venericardia to the species of that genus in other 
American provinces. In order to clarify the taxonomy of the genus, it has been necessary to 
introduce a new subgenus, Pacificor, which includes a group of species characteristic of and 
almost restricted to the North Pacific side of the Americas. 

The venericard fossils of western North America belong to the subgenera Glyptoactis, 
Venericor, Leuroactis, and the newly proposed Pacificor. It may be noted that Venericardia, 
Js. s., does not occur in this area. Twelve species have been previously described from this 
area. ‘Twenty-one new species are now added, and the previously suppressed V’. (Leuroactis i 
merriami Dickerson is reinstated. Each species is described and illustrated together with a 
diagram of the hinge structure. Keys are given for the subgenera and species. The possible 
phylogenetic relationship among the species of the western American Venericardia, s.l., is 
shown in a chart. 

All the species studied appear to have restricted geologic ranges. The purpose of this 
paper is to furnish aid for their identification and thus make them of more use as age 
indicators. It is hoped that the results presented will enable field workers to interpret more 
precisely the biostratigraphic significance of the associated molluscan assemblages which, in 
turn, may aid in making local or regional correlations. 
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INTRODUCTION 


During the century since the first paper appeared on Tertiary Paleontology of 
western North America, the literature has become voluminous. Many of the earlier 
works, with their brief descriptions and poor illustrations, now seem inadequate for 
proper understanding of the fauna. ‘The present study of the genus /’enericardia 
has been undertaken as a step toward remedying these defects and clarifying some 
of the erroneous conclusions. 

Venericardia, erected by Lamarck in 1801, has been an important genus to 
stratigraphers because of the narrow range in time of many of the species. Even 
more use might have been made of it had authors recognized the significance of 
seemingly slight differences in form and sculpture. A survey of the geographic 
distribution of the genus and of the morphology of subgenera into which it has been 
divided may yield information useful for the solution of certain problems in 
Paleocene and Eocene biostratigraphy. 

A thorough study of the genus /’enericardia has demonstrated clearly that some 
subgenera are not only of biological importance but are also of biostratigraphic 
significance. For example, referring to /’. (enericor) planicosta and its relatives, 
Olsson (1929) pointed out that it is “the most characteristic and reliable guide fossil 
for the marine American Eocene.’ A decade later, Gardner and Bowles said even 
more impressively: “‘As guide fossils the members of the planicosta group are... 
among the most significant of the Mollusca.’ These are modern paraphrases of 
Conrad’s classical statement “‘finger-post of the Eocene,” made by him in 1855 in 
the discussion of “Cardita planicosta’ from the Eocene of California. 

With better understanding of the complexity of the genus /’enericardia, Stewart 
(1930) introduced three new subdivisions: subgenus /enericor for forms having 
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planicostate ribbing; “section” Lewroactis for those having a straight medial cardinal 
(3b); and subgenus Glyptoactis to include forms with a curved elongate right 
cardinal (3b) and a small anterior pustule or lateral. ‘These subdivisions have been 
accepted by most subsequent workers, as they contributed to our understanding of 
the phylogenetic lineages, some of which are traceable as far back as Cretaceous 


time. 


The “section” Leuroactis, here treated as subgenus, and the new subgenus 
Pacificor have as great a stratigraphic value in spacial and time relations as has the 
subgenus /’enericor. Representatives of these subgenera are confined to the Paleocene 
and Eocene and have a wide geographic distribution. 


In order to comprehend the complexity of the biologic and stratigraphic problem 
of Venericardia, one must consider the spacial and chronologic distribution of its 
component subgenera and species. 

The first few representatives of /’enericardia appeared in Africa, America, Asia, 
Europe, and Oceania at the close of the Cretaceous. With the dawn of the Cenozoic 
Era, groups of Venericardia began to flourish in restricted areas and from these 
centers or loci of dispersal species subsequently spread to various Paleocene and 
Eocene seas. 

In this regard, it is interesting to note that G. G. Simpson (1940), studying 
the temporal pattern of mammalian distribution, quotes a postulate from Willis, 
“new forms of life originate in definite, limited regions from which as centers they 
expand slowly and steadily as time goes on.’’ Simpson himself added, “that, as a 
rule with exception, at any given point in time, the area occupied by a form of life 
should be directly proportional to the age of that form of life.’ Furthermore, “The 
theory involves various interesting corollaries, such as the belief that endemics or 
isolated forms of life with narrow distribution are usually young forms that origin- 
ated where they are found and are just starting on their careers of expansion.” ‘This 
theory may apply to the distribution of the Venericardiae. It is true that the 
distribution of any group of living things, and, in this particular case, of the veneri- 
cards may have been unfavorably affected by such factors as change in currents, 
temperature and salinity of sea water, fluctuation of sea shores, closing of portals, 
and other geological events which may impede or completely obstruct the dispersal 
of marine organisms from their original loci. These unfavorable changes or obstacles 
may have caused scarcity or even total absence of species in a given area. Under 
normal conditions, however, the distribution of organisms is primarily dependent 
upon the latent strength or potentiality of a stock for areal expansion after it has 
attained its full strength in the area of its origin. The reader should keep in mind 
that what is attempted here is to analyze the geographic dispersal of organisms and 
not the evolutionary processes which are far beyond the scope of this paper. 

The data bearing upon the geographic distribution of the West Coast veneri- 
cards are analyzed for the subgenera /’enericor, Leuroactis, and Pacificor. The 
subgenus Glyptoactis, which ranges from Cretaceous to Miocene and possibly higher, 
is world-wide in distribution and presents a more complex problem. It is, therefore, 
not considered at length in this report. 
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It may be mentioned in passing that no species of /’enericardia, s.s., are known 
from the Eocene and Paleocene of the West Coast of North America. 

So far two Jenericor species have been recorded from the Pacific side of 
America: Venericardia simiana, n.sp., and I’. venturensis; they are closely related 
to I’. mediaplata Gardner and Bowles and J’. regia Conrad respectively, both of 
which are from the Gulf Coast. 

More than 15 species of /’enericor are recorded in the Gulf Coast Province of 
North America from rocks of Paleocene and Eocene ages. The abundance of species 
in this province and their relative scarcity in other provinces permits the conclusion 
that the Gulf Coast area is the locus or center of dispersal of V’enericor. 

Only two species of /’enericor are recorded in the European area: J’enericardia 
(Venericor) duponti Cossmann and J’. (I’.) planicosta Lamarck. I’. duponti from 
the Montian stage has an outline and a general aspect which most closely suggests 
I’. mediaplata Gardner and Bowles (1939, p. 161). The other European /’enericor, 
I’. planicosta, type species of the subgenus, is the form to which great importance 
has been ascribed by American paleontologists. 

No species of /’enericor are reported from the upper Paleocene of the Paris 
Basin. Regarding this Rutsch (1937, p. 156) said, “The ‘Planicosta Group’ is 
strikingly missing in the higher part of the Paleocene (in the Landenian, Thanetian 
and Sparnatian Stages) of the European regions . . . although big venericards 
(V. pectuncularis Lamarck), are not missing in it.” Furthermore, Rutsch clearly 
pointed out that /’. planicosta Lamarck first appeared in Europe in the Ypresian 
stage and is not to be regarded as a direct descendant of /’. duponti but undoubtedly 
as a migrant form from the West (America). Thus, it seems that in the Paris 
Basin there is a gap in the stratigraphic range of the Planicosta Group during late 
Paleocene time. It is felt now that J’. planicosta, which Lamarck described 
from the Lutetian stage as “Testa crassissima, costis planis des. eny. de Paris” 
is a direct descendant of that Ypresian form. 

The venericards from the marine Tertiary of northwestern Peru were first 
reported by Woods (1922) under the heading ‘‘Venericardia planicosta (Group).” 
A few years later Olsson (1928-1929) described eight new species from the same 
region. (Gardner and Bowles (1939) revised almost all the Peruvian venericards. 
Their comments are enlightening. 

Venericardia negritensis Olsson from the Negritos formation was correlated 
by Stewart (1930) with “J. planicosta’ from the Wilcox formation, Alabama. 
Gardner and Bowles suggested that the species which Stewart probably had before 
him was /’. bashiplata Gardner and Bowles from Woods Bluff, Alabama. 

In the Stanford Paleontological Collection there are several specimens from 
the Tertiary of Peru, some of them labeled as being from the Negritos formation. 
Some of these were obtained through the kindness of G. Petersen, Zorritos, Peru. 
A comparative study of these specimens and of illustrations of the Gulf Coast 
venericards reveals that /’. negritensis is a close relative of /’. hatcheplata Gardner 
and Bowles. Both forms have in common the same number of ribs and the same 
general pattern of the high hinge plate. J’. hatcheplata, however, is subquadrate in 
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outline and is more convex. Also at hand was a Peruvian specimen which can be 
identified with the one illustrated by Woods in Bosworth (1922). In its clean-cut 
ribs and rather narrow interspaces it resembles /’. nanaplata Gardner and Bowles 
more than it does J’. bashiplata. (The new name for this Peruvian species is 
withheld pending further study of the Venericardias of that region). 


These two Peruvian forms, so closely related to those of the Wilcox formation, 
suggest a dispersal of the Gulf Coast venericards in lower Eocene times. No other 
Venericor is recorded either in the Paleocene or from higher horizons of the Eocene 
in the Peruvian Basin. Here again the two /’enericor species, the only ones so far 
known from Peru from the /’enericor Group, are regarded as migrant forms from 
the Gulf Coast Province, for the other species of /’enericardia in Peru belong to 
Leuroactis, Pacificor, or Glyptoactis. 

The pattern of distribution of the new subgenus Pacificor is different from that 
of Venericor in that the subgenus Pacificor is not recorded in Europe and its center 
of expansion is western North America. Pacificor ranges from the Paleocene 
through the end of the Eocene, as does also /’enericor. 

In the Paleocene of the Gulf Coast Province there are some venericards which 
probably belong to Pacificor. Unfortunately, lack of material and adequate illustra- 
tions make impossible at this time any further comparison or positive identification. 
Nevertheless, it is mentioned here that /’. hijwana Gardner and Bowles from the 
Midway is probably related to /’. argentea, n. sp., from the Paleocene of California. 
Although J’. hijuana has fewer ribs (22-24), their tripartite character is the same 
as in Il’. argentea. Further relationship between these two species is seen in the 
similarity of the hinges and in the broad inflation of the umbonal region. J. fran- 
cescae Gardner and Bowles, from the late lower Eocene, is another form which 
undoubtedly may be regarded as a Pacificor. The excellent illustration of the 
holotype of this species (Gardner and Bowles, 1930, pl. 41, figs. 1-2) shows the 
typical pseudoescutcheon of Pacificor and the characteristic Pacificor ribbing. The 
pattern of the hinge teeth, especially of the medial cardinal (3b) is strikingly 
similar to that of /’. vallecitosensis (Vokes) from the middle Eocene of California. 

In Peru Pacificor appears to be represented by )’enericardia talara Olsson from 
the Chacra formation, middle Eocene. The sculpture of this species resembles that 
of I’. transversaria of California. 

The sudden appearance of the subgenus Leuroactis in the lower Eocene of 
America is of a particular interest, since no recognizable ancestors are found in any 
of the Tertiary marine basins of the Gulf Coast province, northwestern Peru, or 
west North America. On the West Coast of North America the stratigraphic 
range of the subgenus Leuroactis is from lower Eocene to upper Eocene. In the 
Gulf Coast region and in northwestern Peru the group is recorded only in the 
lower and middle Eocene. No occurrences of Leuroactis have been reported in the 
Paris Basin or elsewhere outside of America. 

The earlier (lower Eocene) representatives of Leuroactis (lV enericardia pilsbryi 
from Alabama, /’. pacifica Olsson from Peru, and J’. schencki, n. sp., from Cali- 
fornia) in each of the separate American basins show only a superficial similarity to 
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each other. However, by the late lower Eocene, the affinity of some of the species 
(I. aragonia-V’. horatiana; I’. stewarti-l’. parinensis) become strikingly manifest 
in their morphological similarities. “Chis feature makes the subgenus Leuroactis a 
compact taxonomic unit characteristic of and restricted to (endemic of) North and 
South America. 


EXPLANATION OF CHART 1 


SIZE AND SHAPE OF SHELLS 


Figure 
1. Venericardia (Pacificor) lutmani Turner 
Size large; shape quadrate; measurements of length and height are indicated by 
white lines. 
2. Venericardia (Leuroactis) aragonia Arnold and Hannibal 
Outline obliquely ovate; size moderately large. 
3. Venericardia (Glyptoactis) keenae Verastegui, n. sp. 
Medium-sized shell. 
4. Venericardia (Glyptoactis) marksi Verastegui, n. sp. 
Small-sized_ shell. 


CONVEXITY, NATURE OF BEAK AND UMBO 


Figure 
5. Venericardia (Leuroactis) aragonia Arnold and Hannibal 

Beak pointed. The distance between the arrows indicates the dimension of convexity. 
6. Venericardia (Leuroactis) aragonia Arnold and Hannibal 

Lunular groove points backward as indicated by arrows. 
7. Venericardia (Pacificor) susanaensis Verastegui, n. sp. 

Lunular groove points forward as indicated by arrows. 
8. Venericardia (Pacificor) nelsoni Verastegui, n. sp. 

Umbo full or inflated. 
CHARACTER OF RIBS AND INTERSPACES (see also Chart 2, figures 1-4) 
Figure 
9. Venericardia (Venericor) venturensis Waring 

Ribs flat, tending to become T-shaped and constricting the U-shaped interspaces. 
10. Venericardia (Venericor) venturensis Waring 

Distinct umbonal ridge with ribs perceptibly narrower in the posterior area. 
11. Venericardia (Pacificor) clarki Weaver and Palmer 


Ribs broadly rounded, fasciculate in the antero-dorsal area. This is typical 
“PACIFICOR sculpture.” 


CHARACTER OF HINGES 


Figure 
12. Venericardia (Pacificor) oregonensis Verastegui, n. sp. 
Hinge low and short. 
13. Venericardia (Leuroactis) aragonia Arnold and Hannibal 
Hinge high and short. 
14. Venericardia (Leuroactis) alisoensis Verastegui, n. sp. 
Ventral margin of hinge sinuous. This species also illustrates well developed 
nymphal plate. . 


All figures are slightly less than one-half natural size. 
Illustrations by Walter Zawoisky 
Assistant Photographer 
Stanford University 


Verastegut Chart 1 


size 
medium 


, §/ze 
4s, SMO// 


umbo 
full or 
inflated 


/unusar groove 


| oer \ VEE backward _—pointing ——___> forward, 
\ pointed ea 


distinct umbona/ 


tbs flat, Ganing) 

Yo ae ne ce speck Le hos iy i) 

constricting the U-shaped narrow ribs in the 

1ntErspaces li posterior area ros broadly rounded, 


fasciculare /n the 
ONtEfO —- dorsa/ afed 


Hinge qa high Typica/ " PACIFICOR scu/prure” 
iN and short 
Ss well developed 
; . nymphal 
\ ae "Dore 


; ite 


: ‘a ree eat iM 
sinuous venttal margin of hinge 


405 N. Amer. PALEOCENE, EOCENE VENERICARDIA: VERASTEGUI Il 


The species of Leuroactis are abundant in northwestern America but are 
relatively scarce in the Gulf Coast region of America and in Peru. So far, nine 
species are recognized as belonging to Leuroactis in California, Oregon and Wash- 
ington, three species in eastern North America, and three in Peru. Western North 
America with the greatest number of species (9) may be regarded as the locus or 
the center of dispersal of the subgenus. 


MATERIAL 


During the year that was devoted to this investigation, use was made of the 
large Stanford University Paleontological Collection. In addition, access was had 
to the extensive collections of the University of California and of the California 
Academy of Sciences, from which valuable holotypes were loaned to me for study. 
An additional advantage was the loan of material from the University of California 
at Los Angeles and from the United States National Museum. 


In general the state of preservation of the material at hand was different from 
that of other provinces, such as the Gulf Coast. Since the study of the hinge plate 
is essential, careful preparation by use of diamond saw and small electric drill tool 
was necessary. [hese mechanical instruments proved to be useful in splitting 
attached valves thus exposing hinges and other internal characters of shells. 


This investigation was greatly facilitated by such previous papers as those of 
Stewart (1930), Rutsch (1936), and Gardner and Bowles (1939), to which the 
reader is referred for further discussion of the genera and subgenera and the world 
distribution of /enericardia. 


DENTAL NOTATION AND MORPHOLOGIC TERMINOLOGY 
OF VENERICARDIA 


The system of notation of /enericardia hinge teeth which is followed in this 
1eport was devised by Munier-Chalmas. The teeth on the hinge plate are repre- 
sented as laminae and are numbered from the center of the hinge toward the anterior 
and posterior margins. Odd numbers apply to the teeth in the right valve, even 
numbers to those of the left valve. The innermost lamina gives rise to a single 
cardinal pivotal tooth; the outer laminae each give rise to two teeth arranged in a 
series of inverted V’s over the pivotal tooth. 

In Venericardia which has a special (diagenodont) type of an heterodont 
dentition, the pivotal tooth is the anterior left cardinal and is number 2, the others 
3a, 3b, etc., ‘“‘a’’ standing for anterior and “b” for posterior. The corresponding 
sockets are indicated by a prime mark (‘). Thus, the complete formula for the 
dentition of /’enericardia, as shown on Chart 2, figures 5 and 6, is: 


right valve 3a 2 3b 4b’ 5b 
left valve BD 3b’ = 4b 5b’ 


The morphologic terms which are used in this report in the description of 
species are illustrated in the following two charts. All drawings are about one-half 
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natural size. Reference to these sketches removes the possible ambiguity from such 
expressions as “‘shell is large” or ‘“‘shell is small” and also furnishes a standard of 
reference for such statements as “hinge is high” or “hinge is low and long.” 


HINGE ANOMALIES 


Gardner and Bowles (1939) recorded hinge inversions in Venericardiae of 
the Gulf Coast of America. In the present study no sinistral] /’enericardia has been 
found except the one illustrated by Hanna (1925). “This specimen, which was 
identified as “belonging to the low beak variety of /’enericardia hornit’’ from San 


EXPLANATION OF CHART 2 


CHARACTER OF RIBS AND INTERSPACES. (see also Chart 1, figures 9-11) 


Figure 
1. Venericardia (Leuroactis) aragonia Arnold and Hannibal 
Narrow U-shaped interspaces near the beak, linear at adolescence, obsolete at maturity. 
2. Venericardia (Pacificor) transversaria Verastegui, n. sp. 
Ribs with transverse wrinkles. 
3. Venericardia (Leuroactis) crescentensis Weaver and Palmer 
Ribs obsolete. 
4. Venericardia (Glyptoactis) keenae Verastegui, n. sp. 
Ribs fasciculate. 


HINGE TEETH 


Figure 

5. Diagram of left valve of Venericardia. 
2 —Anterior (pivotal) cardinal tooth. 
3a’— Socket for right anterior cardinal tooth. 
3b’ — Socket for right median cardinal tooth. 
4b —Left posterior cardinal tooth. 
5b’ — Socket for right posterior cardinal tooth. 

6. Diagram of right valve of Venericardia. 
2’ — Socket for left anterior (pivotal) cardinal tooth. 
3a —Right anterior cardinal tooth. 
3b —Right median cardinal tooth. 
4b’ — Socket for left posterior cardinal tooth. 
5b —Right posterior cardinal tooth. 


SHAPES OF ANTERIOR CARDINAL TOOTH (2) 


Figure 

7. Venericardia (Pacificor) calafia Stewart 
Anterior cardinal (2) cuneate, curved. 

8. Venericardia (Pacificor) hertleini Verastegui, n. sp. 
Anterior cardinal (2) blunt. 

9. Venericardia (Pacificor) hornii (Gabb) 
Anterior cardinal (2) cuneate elongate. 

10. Venericardia (Pacificor) calafia Stewart 
Median cardinal (3b) scimitar-shaped. 

11. Venericardia (Leuroactis) joaquinensis (Vokes) 
Median cardinal (3b) large trigonal. 

12. Venericardia (Pacificor) hornii (Gabb) 
Median cardinal (3b) oblique, pointing forward. ; 


All figures are slightly less than one-half natural size. 
Illustrations by Walter Zawoisky 
Assistant Photographer 
Stanford University 
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Diego, California, is here identified as I’. (Leuroactis) sp. aff. IV’. (L.) vokesi, 
n. sp. Although the right valve of this specimen is badly preserved, it nevertheless 
shows the presence of the escutcheonal cord which is characteristic of Leuroactis. 
Besides the rather straight medial socket (3b’), it has the typical sculpture of 
Leuroactis (round ribs and wavy incrementals in the adult stage). This specimen 
is not conspecific with J’. vokesi as it has only 18 ribs, an unusually small number 
of ribs for a normal Lewroactis of the middle Eocene of western North America. 

A curious development of the dentition was observed (Plate 13, figures 8, 
9) in two valves, a right and a left one of different individuals, of J/enericardia 
(Pacificor) carlosensis (Vokes). Although these hinges have the normal basic 
pattern of the species, there are notable anomalies in the dentition. The medial 
cardinal (3b) is distinctly terraced and has the appearance of being tripartite. 
The elevated central portion is twice as wide as the adjacent lateral portions 
and is separated from them by deep incisions, indicating that they are super- 
numerary as teeth. The left valve has its anterior (2) and posterior (4b) 
cardinals also incised to make room for these adventitious lateral teeth of the 
abnormal right medial cardinal. The abnormality of this individual specimen 
is also shown in a peculiar development of sculpture. The front ribs of the right 
valve are terraced, but only on the posterior side, an abnormal character for veneri- 
cards. No other venericards possess such an ornamentation. Normally, whenever 
terracing is developed on the ribs it is in the anterior part of the shell, and the 
terracing is present on both sides of the rib. 

It is inferred that these abnormalities are connected with a change of environ- 
ment. Vokes mentions Pelecyora aequilateralis (Gabb), Ostrea idriaensis Gabb, 
Loxotrema turrita Gabb, and Potamides carbonicola Cooper as occurring in the 
same faunule with /’. carlosensis. All these associated forms suggest water of 
less than normal salinity. This brackish water environment may also explain 
the unusual thinness and variability of shape of the J’. carlosensis shell. Except 
for these peculiarities, normal individuals of J’. carlosensis are somewhat similar 
to I’. vallecitosensis and may be regarded as a variant of J’. vallecitosensis, brought 
about by a change in ecologic condition. 


CONCLUSION 


The descriptions of species of the genus /’enericardia from the Paleocene and 
Eocene of the Pacific Coast of North America are widely scattered in the geologic 
literature and in many cases are not sufficiently comprehensive or complete to meet 
the present day standards of taxonomic work. All specific descriptions are here 
assembled in a single report and many original descriptions have been augmented 
to provide an adequate basis for a comparative scrutiny of species. 

In the course of the present investigation it was also discovered that many 
specimens in the various collections, as well as in the material collected by the 
writer, represented undescribed species. These new species have been compared 
with the previously known species and are here described and illustrated. 
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All species of Venericardia have been reviewed and comments are offered on 
their stratigraphic and paleogeographic significance. 

The main points worthy of emphasis are as follows: 

(1) A new subgenus, Pacificor, is introduced for species possessing rounded 
ribs and characterized by the absence of the escutcheonal cord. Of the 19 species 
included in this subgenus, 13 are new. 

(2) The new subgenus Pacificor is characteristic of the Pacific region, as only 
a few species reached the Gulf Coast of America during both the Paleocene and 
Eocene. 

(3) Heretofore, only 12 species of J’enericardia have been described from 
western North America. To this number are now added 21 new species. In 
addition, the suppressed synonym /’. merriami Dickerson is reinstated as a valid 
species. 

In all, 34 species of /’enericardia are considered in this paper. Nineteen are 
assigned to the subgenus Pacificor, nine to Leuroactis, four to Glyptoactis, and two 
to Venericor. No Venericardia, s.s., was recognized in this western North 
American region. 

(4) The species of V’enericardia treated in this report are grouped into several 
phylogenetic stocks and lineages. The criterion used for the differentiation of a 
given stock and of the lineages within it is the constancy of the morphologic charac- 
ters through geologic time. These morphologic characters are: the shape and 
convexity of the umbonal region, the pattern of the sculpture, and the armature of 
the hinge plate. In Chart 3 an attempt is made to arrange all the venericards from 
the Paleocene and Eocene of western North America according to their supposed 
phylogenetic relationship. 

(5) Two phylogenetic stocks are recognized in the subgenus Pacificor: the 
mulleri stock and the argentea stock. ‘These stocks are respectively traceable from 
Paleocene to middle Eocene, and from Paleocene to upper Eocene. 

The species of the mulleri stock are characterized by a low, pointed beak and 
a low hinge plate. Within this stock is distinguished the swsanaensis lineage, the 
species of which are characterized by a trapezoidal-pyramidal shape of the anterior 
left cardinal (2). 

The species of the argentea stock are distinguished by a full umbo and a some- 
what high hinge plate. Within this stock is recognized the calafia lineage which 
includes the forms with the scimitar-like shape of the medial cardinal (3b). This 
lineage runs from the lower to the upper Eocene. 

(6) The subgenus Leuroactis also comprises two stocks, the crescentensis and 
the aragonia. The forms of the crescentensis stock can be distinguished from other 
members of the subgenus Leuroactis by the concavity at the posterior end of the 
ventral margin of the hinge plate and the large nymphal plate. In the aragonia 
stock, two forms, I’. joaquinensis and |’. popenoei represent a distinct lineage as 
they are characterized by an unusually trigonal cardinal (3b). 

(7) The species of Glyptoactis are not numerous, but it should be pointed out 
here that there are several forms which have not been described due to the poor 
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preservation of the material. The phylogenetic continuity of species of G/yptoactis 
is suggested by the fact that the upper Eocene species, /’. marksi, is more closely 
related to the Miocene forms than to the species from lower horizons. 

(8) The subgenus /’enericor, of which a large number of species are found 
in the Gulf Coast area, is represented on the Pacific Coast of North America by 
only two species, both of which occur in the Paleocene. 

(9) Several authors have pointed out that one or more Paleocene or Eocene 
venericards from the Pacific region are closely related to forms of the Gulf Coast 
Province. The refinement in the classification of venericards attempted in the 
present study brings out even more forcefully the existence of such affinities between 
the forms on the Atlantic and the Pacific sides of North America. ‘These closely 
related forms are useful for stratigraphic correlation between the two provinces, 
particularly when it is realized that the Paleocene and Eocene species of J enericardia 
have short stratigraphic ranges. 

The following is a list of some of the North Pacific venericards and_ their 
closely related Gulf Coast analogues: 


Pacific Coast Gulf Coast 


Upper Eocene: None 
Middle Eocene: (?) V’. memastersi and I’. natchitoches 
Lower Eocene (late) : I’. aragonia and J’. horatiana 
Paleocene: V’. argentea and I. hijuana 

I’. simiana and |’. mediaplata 


I’. transversaria and I’. francescae 


The number of analogues and the close resemblance of the species suggest a 
connection between the two provinces during Paleocene time which was broken 
during early Eocene. The connection was re-established in the late early Eocene time 
as Is witnessed by the occurrence of the remarkably similar forms (/’. aragonia and 
I’. horatiana) on the two coasts of North America. From middle Eocene time 
onward, the existence of close relationship of species and of geographic connection 
becomes less evident. 

(10) Admittedly, the results of the present study have no claim to finality. 
Much remains to be learned from the available data, especially, towards a better 
understanding of biostratigraphic aspects of the Paleocene and Eocene of western 
North America. It is hoped, however, that the factual data and reasoning presented 
here will contribute to the knowledge of the systematics and the geographic distribu- 
tion of the genus /’enericardia and will stimulate further studies and application of 
the results to field problems. 

E SYSTEMATIC DESCRIPTIONS 
Genus VENERICARDIA Lamarck, 1801 . 


t8or. Lamarck, Systeme des animaux sans vertébres, p. 123. 
Type species by subsequent designation: Venericardia imbricata Lamarck=Venus imbricata 
Gmelin (Schmidt, C. F., Versuch tiber die beste Einrichtung zur Aufstellung, Behandlung und 
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Aufbewahrung der verschieden Naturkérper und Gegenstande der Kunst, vorziiglich der 
Conchylien-sammlungen; nebst kurzer Beurtheilung der conchylioligische Systeme, pp. 57, 176, 
1818). (Fide Gardner and Bowles.) 


Shell of moderate dimensions, from 25 to 4o millimeters high and slightly wider; diameter 
more than two-thirds the height; shell not very heavy, evenly but not strongly inflated. 
Umbones anterior, not conspicuously prominent, but well rounded to their tips, which are 
turned inward and forward and are almost in contact, the right umbo slightly higher than 
the left. Lunule exceedingly small, sub-umbonal, slightly less narrow in the right valve than 
in the left. Escutcheon not defined. Anterior ertremity short, rounding smoothly into the 
arcuate base line. Posterior extremity obtusely truncate. Posterior area indicated only by 
the obscure truncation, a slight flattening of the shell, and a slightly closer spacing of the 
radials. Sculpture of 30 to 33 narrow j;-shaped radials, sharply crenate near the tips of 
the umbones, outlined on the adolescent and adult stages by a heavy, sharply noded cord. 
Ligament opisthodetic, deeply inset, produced for more than half the length of the dorsal 
margin. A short thin laminar anterior cardinal, an obliquely produced cuneate medial, and 
a much-produced laminar posterior cardinal in the right valve; a moderately heavy anterior 
cardinal and a produced laminar posterior cardinal in the left valve; a faint grooving barely 
perceptible on the lateral surfaces of the heavier teeth; no true laterals developed but a 
slight pucker in the shell at the extremity of the lunular groove possibly analogous to an 
anterior lateral. Pedal scar small but deeply impressed, close to the margin just above the 
dorsal extremity of the deeply impressed pyriform anterior adductor scar. Posterior adductor 
less deeply impressed, semielliptical. Pallial line obscure, simple. Inner margins deeply 
crenate.—[Gardner and Bowles, 1939, p. 167.] 


KEY TO WEST COAST PALEOCENE AND EOCENE SUBGENERA OF 


VENERICARDIA 
1 With escutcheonal cord 2 
Without escutcheonal cord PACIFICOR 
2 Ribs fasciculate with nodes along crests GHYPTOAGRS 
Ribs flattened with U-shaped interspaces planicostate 3 
3 Ribs planicostate throughout VENERICOR 
Ribs obsolete in adult stage : LEUROACTIS 


Subgenus PACIFICOR, new subgenus 


Type species: Venericardia mulleri Verastegui, n. sp., from base of Lodo formation. 
Paleocene. California. 


Description —Shell medium to large in size, thick, outline round to subquadrate. 
Umbo full, convex; umbonal ridge inconspicuous. Ribs always rounded in the 
adult stage; in young specimens generally tripartite with a beaded central crest in 
the anterior and dorsal part of the medial areas. Interradials linear, occasionally 
channeled on the area of tripartite ribbing. Lines of growth fine at the early stages, 
become coarse in the adult, sometimes completely overshadowing radials and inter- 
radials. Escutcheon wanting, replaced by a smooth area between the hinge plate 
and postero-dorsal margin which is designated the pseudoescutcheon. ‘The cord, 
which in other venericards forms the inner boundary of this area, not present in this 
subgenus. Hinge plate rather low, with a sinuous ventral margin. Nymph long. 
Ligamental pit varies from deeply incised to shallow and long. Dentition of the 
right valye composed of a small, laminar anterior cardinal (3a), an anteriorly 
elongated cardinal (3b), and a thin posterior cardinal (5b). Left valve with a 
triangular or trapezoidal anterior cardinal (2) and a high, thin posterior cardinal 
(4b). Pedal and muscle scars well incised and pallial line not remote from the 
margin. Inner margins crenulate. 

Discussion —The subgenus Pacificor has several distinctive features, the most 
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conspicuous being the lack of the escutcheonal cord. This cord is present in all other 
subgenera of J’enericardia. Another feature of this subgenus is the characteristic 
sculpture, consisting of round ribs and terraced ribs. “These secondary riblets are 
present in the anterior and early part of medial area of the shell, bounded by a line 
starting at approximately the mid-point of the anterior margin and swinging in a 
broad curve to a point near and slightly posterior to the beak. In other words, the 
terrace-like ribs appear to recede progressively as they are followed from the anterior 
end of the shell posteriorly towards the beak. This apparently uneven recession of 
riblets actually means their progressively stronger persistence from the posterior side 
of the beak anteriorly, culminating in most species with frontal ribs which show 
distinct tripartite ribbing extending to the margin of the shell. This distinctive 
pattern of primary ribs and secondary riblets will be referred to herein as typical 
Pacificor ornamentation. 


There are two main phylogenetic stocks in this subgenus: The mulleri stock 
and the argentea stock. The muilleri stock ranges from the Paleocene through the 
middle Eocene. The Eocene members of this stock are characterized by the low 
hinge plate with a trapezoidal anterior left cardinal (2), a feature which is not 
present in any other stock of the genus /’enericardia. ‘The argentea stock is far 
more numerous in species and ranges stratigraphically from the Paleocene through 
the end of the Eocene. 


In the subgenus Pacificor an interesting relationship is observed between the 
number of the ribs and the position of the species in the phylogenetic series. As a 
general rule the number of ribs decreases with time; hence, the later the species, 
the fewer the ribs. 


The subgenus Pacificor is characteristic of the Pacific region of North America, 
and its stratigraphic range is from Cretaceous to the end of the Eocene. Finlay 
and Marwick(1937) noted in the discussion of the Cretaceous species /’. fyfe: from 
the Wangaloan stage, New Zealand: “Indeed, the escutcheon seems to separate it 
(lV. fyfet) from any other named /’enericardia, but a separate name is withheld 
pending further study.” This statement refers to the character of the escutcheon 
(pseudoescutcheon) in the subgenus Pacificor. The illustration of J’. fyfez, given by 
Finlay and Marwick, shows characteristic round ribs with tripartite ribs in the 
anterior portion. “This New Zealand species resembles /’. transversaria, n. sp., 
trom the Paleocene of California. 


Although the subgenus Pacificor in western North America ranges from Paleo- 
cene through the end of the Eocene, the individual species have a short stratigraphic 
range. 

V’. fyfei from the Cretaceous of New Zealand, J’. turneri Gardner and Bowles, 
probably )’. francescae Gardner and Bowles and J’. hijuana Gardner and Bowles 
(all from the Gulf Province), and J’. talara Olsson from northiwestern Peru are 
the only other representatives of Pacificor that are known to occur outside of western 
North America. 
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KEY TO THE SPECIES OF THE SUBGENUS PACiFICOR FROM 
PALEOCENE AND EOCENE OF WESTERN NORTH AMERICA 


Ribs rounded or obsolete in the adult 
Ribs flat in the adult 


Outline subcircular or subquadrate 
Outline obliquely ovate or elongate 


Outline subcircular, postero-ventral margin evenly rounded 
Outline subquadrate, postero-ventral margin truncate 


Ratio of height to length greater than 1 

Ratio of height to length less than 1 

Ribs 32 to 34; convexity low; beak pointed 

Ribs 22; convexity high; beak full 

Ribs 30 to 32; interradials U-shaped in the adolescent stage 

Ribs less than 30; interradials linear 

Beak pointed, high; anterior left cardinal (2) wide, 
trapezoid-pyramidal 

Beak low; anterior left cardinal (2) narrow, elongate; 
ribs 25 

Ribs 29; persistent to the margins 

Ribs less than 29; obsolete in the ventral area 

Ribs 28 in the adolescent, rounded, interradials linear 

Ribs 25 in the adolescent, flat-topped, and interradials 
U-shaped 

Medial cardinal (3b) trigonal, large; incrementals fine to 
moderately coarse 

Medial cardinal (3b) elongate; incrementals coarse with 
superimposed wrinkles; ribs 22 

Umbo highly convex 

Umbo moderately convex 

Ribs 23, tripartite on the anterior portion, interradials 
reach ventral margin 

Ribs 20-22, simple on the anterior portion, interradials 
evanesce ventrally 


Ribs persist to the ventral margin 

Ribs obsolete in the ventral area 

Ribs 28 

Ribs 21 

Ribs 26; ribs rounded, interradials linear in the adolescent 
Ribs 25; ribs flat, interradials U-shaped in the adolescent 


flattened in the adolescent 
round to inverted V-shaped in the adolescent 


Ribs 
Ribs 


2 


vallecitosensis 


3 
15 
4 
10 
5 
6 


mulleri 
nelsoni 


argentea 


7 


oregonens!s 
susanaensis 
9 


durhami 


hertleini 


I! 


transversaria 


lisa 

14 

15 
lutmani 
weaveri 
diabloensis 
calafia 

17 

18 
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17 (16) Usually 21 ribs (range 18-23), simple; shell medium 


large, thin carlosensis 

Ribs 22, fasciculate; shell small, thick taliaferroi 

18 (16) Ribs 22 to 24; umbo moderately convex; beak pointed hornii 
Ribs 20 to 22; umbo more convex; beak full clark 


Venericardia (Pacificor) mulleri Verastegui, n. sp. 
Plate 1, figures 6-9 


Description.—Shell of medium to large size, gently convex, rounded in outline 
with broadly arcuate anterior and ventral margins and obtusely truncate posterior 
margin; narrow pointed umbones and low prosogyrate beaks at the anterior fourth. 
Surface ornamentation consists of 32 to 34 well-defined ribs extending from the 
beak to the margin, 24 ribs on the antero-medial portion and approximately 10 on 
the posterior area; faint, terrace-like secondary riblets evident on both sides of the 
first 10 anterior ribs and receding to the posterior umbonal area. Riblets one-fifth 
of the width of the ribs; ribs in the posterior area divisible into two groups, the three 
nearer the dorsal margin broaden away from the beak, and in the adolescent stage 
usually have one secondary riblet on the posterior side of the ribs; the remaining 
seven ribs narrower, crowded, and cordlike; (beak areas poorly preserved in all 
specimens examined). Interspaces are V-shaped at the umbo but become shallower 
and less sharply angular in harmony with the rib crests which are sharp near the 
umbo and increasingly rounded ventrally. Growth lines present throughout, more 
apparent in the anterior area, where they intercept the crests of ribs and give the 
appearance of nodes. Pseudoescutcheon present. Lunule short and deep, sloping 
forward, distinctly convex, outlined by an incised groove, ending ventrally in a 
depression in the right valve. Ligament opisthodetic, nymph narrow and elongate: 
ligamental pit shallow, elongate and bordered dorsally by an extension of the nymph. 
Hinge plate low, short, with ventral border distinctly sinuous; dentition of the 
right valve with a laminar anterior cardinal (3a) barely discernible on the posterior 
side of the lunular body, a medial obliquely cuneate cardinal (3b), and a slender 
posterior cardinal (5b). Pedal and adductor muscle scars not deeply incised. 
Pallial line entire and relatively far from the ventral margin. Crenulations of 
inner margin well marked in adolescent shell but obscure on a mature form. 

Dimensions of holotype-—Height, 48 mm.; length, 46 mm.; convexity, 17 mm. 
(Other fragmentary specimens indicate a maximum size of at least 80 mm.) 

Holotype.—Right valve: Stanford Univ. Paleo. Type Coll., No. 7994; col- 
lector, S. W. Muller. 

Type locality—Stanford Univ. loc. 2073, road cut, just south of middle ot 
section line between secs. 20 and 20, in sec. 29, T. 15 S., R. 12 E., opposite junction 


of Panoche and Silver creeks, Panoche Quad., Fresno Co., California. 
Stratigraphic position Base of Lodo formation. Paleocene. 
Discussion.—I enericardia mulleri represents the basal stem of the subgenus 
Pacificor on the West Coast of North America; it possesses many characteristics 
common to the whole group, namely: the low beak, the typical Pacificor sculpture, 
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and the pseudoescutcheon. J’. argentea, a contemporaneous form, differs from |’. 
mulleri by its pronounced umbonal convexity with fuller umbones, and by the some- 
what flatter ribs in the adolescent shell. J’. nelsoni, n. sp., from Simi Hills, Cali- 
fornia, resembles J’. mulleri in the general outline of the shell but is distinguished 
by having only 21 ribs. /’. susanaensis, from Santa Susana shales, lower Eocene of 
simi Valley, California, seems to be closely related to J’. mulleri. Thee appear to 
be no close analogues of J’. mulleri in the Gulf Coast Province. 

This species is named in honor of Professor Siemon W. Muller at Stanford 
University in acknowledgment of his advice and encouragement in the present study. 


Venericardia (Pacificor) nelsoni Verastegui, n. sp. 
Plate 2, figures 1,5; Plate 3, figure 5 


1925. Venericardia planicosta var. venturensis Waring, Nelson, Uniy. California Publ., Dept. 
Geol. Sci., Bull., vol. 15, No. 11, p. 403. 


Description.—Shell large, heavy, ovate; outline smoothly rounded, umbo_ in- 
flated, prosogyrate; the medial area defined by a sudden change of slopes on the 
anterior and posterior sides. Sculpture not well preserved in holotype; radials 
consisting of 22 rounded ribs which become obsolete toward the ventral border; 
umbonal sculpture in holotype lost by weathering; posterior area set off by five 
thin, crowded radials succeeded by two outermost ribs which are conspicuously wider; 
interradials linear; incrementals moderately strong, crowded in senile stage and 
producing a conspicuous thickening of the borders. Lunule of the left valve narrow, 
pointing downward and backward; pseudoescutcheon present, slightly concave, wide, 
bordered by a narrow ligamental groove; nymph long and narrow; ligamental pit 
large, excavated in a prolongation of the nymph. Hinge plate heavy, low and short 
with a sinuous ventral margin; left anterior cardinal (2) long trigonal, obliquely 
set, posterior cardinal (4b) relatively thin, slightly broadening ventrally. Interior 
ot holotype filled with matrix concealing the pedal and adductor muscle scars; crenu- 
lations on the inner margin not distinct. 

Dimensions of holotype-—Height, 98 mm.; length, 91 mm.; convexity, 35 mm. 

Holotype-—Left valve: Univ. Cal. Invert. Pal. Type Coll., No. 32804; 
collector, R. N. Nelson. 

Type locality—Univ. Cal. loc. 3765, NW 144 SW ¥\% sec. 24, T. 2 N., R. 
18 W., 6,800 feet 16°E. of Hill 2150, Simi Hills, Camulos Quad., Ventura Co., 
California. 

Stratigraphic position —‘“Martinez marine member” of Nelson, Martinez 
“croup.” Paleocene. 

Discussion.—I’. nelsoni is known from one specimen, the holotype, which was 
originally listed by Nelson in 1925 as J’enericardia planicosta var. venturensis 
Waring. J’. nelsoni can be readily separated from J’. (/’.) venturensis by the 
fewer and more rounded ribs, by the more nearly circular outline and, above all, 
by possessing the pseudoescutcheon, which is a diagnostic character of all species ot 
Pacificor. 


Unfortunately, in the type the umbonal area is badly weathered and no sculpture 
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is visible; hence it cannot be ascertained whether the ribs are beaded or tripartite as 
in J’. mulleri. Nevertheless, the outlines of both species are comparatively similar 
and they may be closely related, although they differ in that /’. mulleri has about 
12 more ribs and in that its lunule points downward and forward. 

Of the eastern American venericards already described, none is closely related 
to J’. nelsoni nor is any relative of it found in South America. 


Venericardia (Pacificor) susanaensis Verastegui, n. sp. 
Plate 5, figures 1-4 
1924. Venericardia, n. sp. c. Kew, U. S. Geol. Survey, Bull. 753, p. 25. 


Description.—Shell, large, thin, outline rounded to subquadrate, not known in 
detail due to the fragmentary nature of the material; umbonal area narrow, slightly 
inflated; beaks prosogyrate, distinctly low and pointing forward. Sculpture of holo- 
type well preserved; 22 ribs, persisting to the margins, in the antero-medial portion 
and 8 in the posterior area; earliest ribs worn away but that which remains shows 
that they are tripartite and faintly beaded, at least in the anterior part of the shell: 
in the mature stage, the ribs of the antero-medial area rounded, those on the posterior 
area thin and crowded; the interradials V-shaped, reaching the ventral margin. 
Incrementals rough throughout the shell. Pseudoescutcheon narrow, concave, 
showing oblique lines of growth. Ligamental groove narrow; nymph thin and large, 
embracing anteriorly a linear ligamental pit. Hinge plate short and low with a 
sinuous basal margin, the sinuosity more pronounced in the right valve; dentition of 
holotype well preserved; a nearly vertical right anterior laminar (3a), a curved 
arcuate-cuneate middle cardinal (3b), slightly concave on the wide basal margin, 
and a cordate posterior cardinal (5b) on the inner border of the nymph body; the 
left valve with a trapezoido-pyramidal, strong anterior cardinal (2), and a thin 
posterior left cardinal (4b), slightly thickened toward the ventral end. Interior of 
the holotype badly preserved; pedal muscle scars small and shallow, part of the 
shallowly incised posterior adductor muscle scar visible, posterior adductor scar 
placed unusually far from the hinge plate. Inner margin strongly crenulate. 

Dimensions of holotype.—Height, 77 mm.; length (estimated), 77 mm.; con- 
vexity, 44 mm. 

Holotype.—Right and left valves of a single individual: Stanford Univ. Paleo. 
Type Coll., No. 8004; collector, R. Willis. 

Type locality —Stanford Univ. loc. Ca-33, McCray Oil Wells, Oil Canyon, 
Camulos Quad., Ventura Co., California. 

Stratigraphic position Santa Susana shale. Lower Eocene. 


Discussion.—V enericardia susanaensis is probably the earliest representative on 
the Pacific Coast of what will be called here the susanaensis lineage within the 
mulleri stock. (See Chart 3, page 15.) ‘The main characteristic of this lineage is 
the pattern of the hinge plate and the thinness of the nymph body — features which 
are not present in other lineages. Unfortunately, the sculpture in the holotype is 
not in so good a state of preservation, but there is enough of the specimen to show 
the shape and outline of the ribs and that the total number of ribs is 29. 
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The most distinctive character of /”. susanaensis is the left anterior cardinal (2) 
which is truncate, trapezoido-pyramidal, slightly asymmetrical. This shape of tooth 
is found in other representatives of the swsanaensis lineage. 

In addition to the type material from the Santa Susana shale, /’. susanaensis, 
associated with J’. durhami, is also recognized in the Juncal beds in the Santa Inez 
Mountains which establishes the Meganos (lower Eocene) age of at least a part of 
that formation. 


Venericardia (Pacificor) durhami Verastegui, n. sp. 


Plate 7, figures 1, 2 


Description —Shell large, thick, distinctly round in outline; umbones inflated 
with the anterior slope more sharply curved than the posterior; beaks low, proso- 
gyrate, situated at about the anterior one-third. Sculpture of 28 narrow, rounded 
ribs separated by characteristic linear interradials, faintly represented over the main 
part of the disk; (sculpture on tips of beaks of holotype worn and not showing 
whether ribs are beaded or fasciculate) ; the antero-medial portion with 19 ribs and 
the posterior area with only 9, the 4 nearest to the dorsal margin being wider than 
the others. Lines of growth conspicuous over the greater part of the shell. Incre- 
mentals faint and smooth up to 25 mm. diameter becoming gradually coarser; 
dominating over obsolescent radial sculpture; a distinctive feature of the species. 
Lunule not well preserved, apparently small and deeply incised. Pseudoescutcheon 
narrow and concave. Hinge plate low and short; dentition in holotype poorly 
preserved, traces of the cardinal (2) of the left valve, and the anterior cardinal 
(3a) of the right valve resemble those of /’enericardia susanaensis, n. sp. Interior of 
holotype concealed by matrix. 

Dimensions of holotype-—Height, 85 mm.; length, 92 mm.; convexity, 45 mm. 

FHolotype.—Right and left valves of a single individual: Stanford Univ. Paleo. 
Type Coll., No. 8005; collector, S$. W. Muller. 

Type locality.—Stanford Univ. loc. 829, 1144 miles W. of Vickers Hot Springs, 
Ventura Co., California. 


Stratigraphic position—Juncal formation. Lower Eocene. 

Discussion.—I enericardia durhami appears to be closely related to J’. susanaen- 
sis, n. sp. Unfortunately the holotype is so poorly preserved that it is dificult to make 
a thorough comparison. In outline the shell more closely resembles /’. hertleini but 
differs in the number of ribs, having 29 as opposed to 25 in I’. hertleini. Further- 
more, the interradials in /’. durhami are narrow or linear whereas in J’. hertleini 
they are open and U-shaped. J’. hertleini also has a somewhat higher hinge plate 
and a considerably wider medial cardinal tooth. It is interesting to note that 
I’. durhami and related forms belong to a definite group of species which is charac- 
terized by a round outline and a distinctive dentition. ‘This group, characteristic 
of the Pacific region of North America, has not been reported from other American 
provinces. 
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Venericardia (Pacificor) hertleini Verastegui, n. sp. 
Plate 15, figures 1, 2, 6 


1925. Venericardia hornii (Gabb), variety, M. A. Hanna. Uniy. California Publ., Dept. 


Geol. Sci., Bull., vol. 15, pp. 286.2897, pl. 40, figs. 1-2. 

Description.—Shell large, thick, broadly rounded, not strongly inflated; antero- 
ventral margin broadly rounded, the posterior slightly truncated. Umbo curved 
forward; beak placed at about the anterior one-third; posterior area flattened, some- 
what concave and defined by a sudden change from coarse to fine ribs. Sculpture 
consists of 25 ribs which become obsolete near the margins. The 18 ribs in the 
antero-medial portion sharply angular on the beak, gradually become slightly flattened 
to the second annual ring then flatly rounded; the four or five ribs on the anterior 
area slightly terraced; those on the posterior area angular in the early stage become 
rounded later, the three ribs next to the gentle umbonal ridge thinner and crowded, 
and the last four near the posterior margin are much wider. Interradials U-shaped 
to the second annual ring, after which they become well-defined lines; interradials 
obsolete on the medial portion. Incrementals, fine on the umbonal area, coarse on the 
anterior, posterior, and on the marginal portions. Lunule of holotype small, trending 
downward and forward. Pseudoescutcheon present. Hinge plate low and long, 
with a conspicuous sinuous basal line; nymph thin and long; ligamental pit deeply 
incised and long. Dentition well preserved on the holotype, consists of an anterior 
left cardinal (2a), trapezoidal with a blunted upper end, and a posterior cardinal 
(4b), thin anteriorly but slightly broadening ventrally. Interior of holotype with 
normally incised pedal and adductor muscle scars; pallial line entire; inner margins 
crenulated. 

Dimensions of holotype-—Height, 85 mm.; length, 91 mm.; convexity, 25 mm. 

Holotype-—Left valve: Univ. Cal. Invert. Pal. Type Coll. No. 30415; 
collector, M. A. Hanna. 

Type locality—Univ. Cal. loc. 3990, just north of junction of San Clemente 
and Rose canyons, San Diego Co., California. 

Stratigraphic position—Rose Canyon formation. Middle Eocene. 


Discussion—The holotype of /’enericardia hertleini is fairly well preserved. 
This venericard was considered by Hanna (1925) as a variety of I’. hornii (Gabb), 
and he suggested at the same time that it ‘exhibits characters which may be worthy 
of specific rank.” The characters by which it differs from /’. hornii are the weaker 
inflation of the umbo and the much flatter ribs. Besides these characteristics of 
specific value, the shape of the anterior left cardinal (2) is also distinctive in this 
form and is not found in other stocks, except in that of /’. susanaensis. “The shape 
of this tooth, as was mentioned above, is subtrapezoidal with a blunted upper end. 
This same shape, with but slight variation, characterizes the anterior left cardinal 
of J’. susanaensis, indicating a close relationship between these two species. I’. 
durhami appears to be an intermediate form, although the hinge of this form is so 
badly crushed that it is dificult to see the real pattern of it. 


This species is named after Dr. Leo G. Hertlein, Curator of Paleontology at 
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the California Academy of Sciences, in appreciation of his courtesy in making avail- 
able the facilities of the Academy. 


Venericardia (Pacificor) oregonensis Verastegui, n. sp. 
Plate 9, figures 7-9 


Description—Shell of medium size, thick, outline nearly circular; anterior, 
ventral and posterior margins evenly rounded, the postero-dorsal more gently curved. 
Shell moderately convex, with wide umbo, greatest convexity a little above the medial 
point of the disk; beak prosogyrate, distinctly low, placed at about the anterior one- 
third. Sculpture of 24 well-rounded ribs, (poorly preserved at the beak on the holo- 
type), consisting of 16 wide, simple ribs in the antero-medial area becoming nearly 
obsolete below the middle of the disk, and 8 ribs on the posterior area—3 on the 
weak umbonal ridge, well defined and wide, 5 at the postero-dorsal margin thin, 
crowded, becoming obsolete 15 mm. beyond the beak; interradials present throughout 
except in the medial one-third of the marginal part of the shell; incrementals faint 
and crowded, but fairly strong ventrally; periodic growth stages (annual rings) 
marked by deep incisions. Lunule small, convex, deeply inset. Pseudoescutcheon 
and nymph not well preserved in the holotype. Hinge low and short with a 
distinctly sinuous ventral margin; dentition consisting of a small, laminar right 
anterior cardinal (3a), a sharply triangular, curved medial cardinal (3b), and a 
thin right posterior cardinal (5b), not well preserved. Muscle scars and pallial 
line slightly incised; pedal scar somewhat more strongly defined; pallial line entire, 
relatively far away from the ventral margin. Inner margin with unusually deep 
crenulations. 

Dimensions of holotype-—Height, 56 mm.; length, 60 mm.; convexity, 18 mm. 

Folotype.—Right valve: Stanford Univ. Paleo. Type Coll., No. 8009. 

Type locality—Bluffs along Little River at junction with North Umpqua 
River, Glide, Roseburg Quad., Douglas Co., Oregon. 

Stratigraphic position.—Upper Umpqua formation. Lower Eocene. 

Discussion.—I enericardia oregonensis occurs in the same faunule as /’. aragonia 
Arnold and Hannibal and J’. merriami Dickerson. The almost circular outline 
makes it a distinctive form. A possible relationship with /’. durhami, n.sp., from 
the Juncal formation, California, is shown by the same pattern of sculpture, 7. e., in 
the rounded ribs, linear interradials, and crowded incrementals. Because of the bad 
state of preservation of the beak on the holotype, it is impossible to ascertain the 
details of the sculpture in this particular area; no traces of terracing or noding can 
be seen, but a somewhat V-shaped pattern of the ribs is to be expected. Below the 
middle of the disk the well-defined, round ribs become obsolete. 


Venericardia (Pacificor) argentea Verastegui, n.sp. 
Plate 1, figures 10-14 
Description.—Shell of medium size, inflated-ovate in outline with the ventral 


margin broadly rounded, umbones prominent, greatest inflation a little above the 
center of the disk the surface rounds off broadly in all directions, except toward the 


26 PALAFONTOGRAPHICA AMERICANA (III, 25) 420 


posterior slightly concave dorsal slope; beak prosogyrate, low and compact, placed 
at about the anterior one-third. Ribs 30 to 32; typical Pacificor sculpture (as des- 
cribed in the diagnosis of the subgenus). Posterior area with ro ribs: the 5 nearest 
the dorsal margin wide, with one posterior riblet; the other 5 thin, crowded, V- 
shaped, with corresponding V-shaped interspaces. Interspaces in the medial portion 
squarely channeled, one-third the width of the ribs. Frontal rib crests show a 
beadlike appearance as in J’. mulleri. Lunule small, convex, sloping forward, (not 
well preserved in the holotype). Pseudoescutcheon present. Ligamental groove 
deeply incised; nymph long and wide; ligamental pit shallowly incised. Hinge 
plate low and short; dentition of the left valve with a strongly developed, scimitar- 
like anterior cardinal (2), projected over the medial plane, and a thin posterior 
cardinal (4b) which thickens gradually toward the ventral end. Pedal muscle scars 
normally incised. Adductor muscle scars and pallial line concealed by matrix. 

Dimensions of holotype (estimated).—Height, 49 mm.; length, 51 mm.; con- 
vexity, 20 mm. 

Paratype—Height, 31 mm.; length, 34 mm.; convexity, 12 mm. 

Holotype. 
P. Verastegui. 

Paratype—Univ. Cal. Invert. Type Coll., No. 33001. 

Type locality——Stanford Univ. loc. 2073, road cut, just south of middle of 
section line between secs. 20 and 29, in sec. 29, T. 15 S., R. 12 E., opposite junction 
of Panoche and Silver creeks, Panoche Quad., Fresno Co., California. 

Stratigraphic position —Base of Lodo formation. Paleocene. 

Discussion.—V enericardia argentea can be distinguished from J’. mulleri by the 
highly tumid and broadly convex umbo, by the beadlike crenulation of the frontal 
tripartite ribs, and by the channeled interspaces and somewhat flattened ribs in the 
medial part of the shell. 

. (Pacificor), sp., obtained from a well (Capay formation?) near Marysville 
Buttes, Sacramento Valley, California, is closely related to I’. argentea but differs 


Left valve: Stanford Uniy. Paleo. Type Coll., No. 7995; collector, 


from it in having only 24 ribs. 

V’. argentea may be related to /’. hijuana Gardner and Bowles from the lower 
Midway of Tennessee. The resemblance is in the broad inflation of the umbonal 
region and the fasciculated ribs in the adolescent stage. 


Venericardia (Pacificor) lutmani Turner, 1938 
Plate 7, figures 3-5; Plate 8, figure 8 


1938. Venericardia hornii subsp. lutmani Turner, Geol. Soc. Amer., Spec. Paper, No. 10, 
p. 50, pl. 13, fig. 4, pl. x4, fig. 2. 

1943. Venericardia hornti (Gabb) subsp. lutmani Turner, Weaver, Univ. Washington Publ. 
Geol., vol. 5, p. 135, pl. 28, fig. 1, pl. 32, fig. 1. 


Shell heavy, subquadrate; beaks small; 27 ribs, the posterior 9 or ro narrower and 
higher than the remainder, which are nearly obsolete with the exception of fice anterior three 
or four; lunule very short, deep; ligamental groove long, narrow. 

The new subspecies differs from V’. hornii calafia Stewart in having titee or four addi- 
tional ribs. Specimens of the new subspecies from the Santa Susana shale of the Simi 

Valley region have 28 or 29 ribs and may be the initial form from which the later varieties 
or subspecies of V’. hornii evolved by progressive elimination of ribs——[Turner, 1938, p. 50.] 
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Supplementary description.—Shell large, heavy, subquadrate in outline, anterior 
end evenly rounded, ventral gently curved, posterior truncate; umbones inflated, with 
low, pointed beaks situated at about the anterior one-fourth. Sculpture in holotype 
not well preserved; 20 ribs in the antero-medial portion; only 6 ribs preserved on 
anterior area, these show riblets which do not reach the anterior margin; the visible 
intercostals linear; incrementals coarse and over-ride ribs in the anterior area but 
fine on the obsolescent ribs of the ventral area. Lunule small, convex, deeply inset, 
sloping downward and slightly forward, the right lunule three times as large as 
the left one. Pseudoescutcheon present, flat and wide (not well preserved). Nymph 
thin and large ligamental pit deeply incised. Hinge plate high and long, with a 
sinuous ventral margin. Dentition strong, consists of a laminar, long, nearly vertical 
anterior right cardinal (3a), pointed downward and slightly backward; a flat, 
scimitar-like, ventrally sinuous medial right cardinal (3b); a cordlike posterior right 
cardinal (5b) placed on a wide flat nymphal bedy; the left valve with a low, 
cuneate anterior cardinal (2), the upper end touches the lunular plate, and a thin, 
low posterior left cardinal (4b), not well preserved in the holotype. Pedal muscle 
scars shallowly incised; the rest of the interior of the shell concealed by the matrix. 

Dimensions of holotype-—Height, 96 mm.; length, 103 mm.; convexity, 31 mm. 

Holotype.—Right and left valves of a single individual: Univ. Cal. Invert. 
Pal. Type Coll., No. 33133. 

Type Locality —Univ. Cal. loc. A-1233, W. of Roseburg, Oregon. 

Stratigraphic position—Umpqua formation; Santa Susana shale. Lower Eocene. 

Discussion —The additional description of Venericardia lutmani is based on a 
restudy of the holotype. To complete the description, it was necessary to open the 
shell in order to expose the hinge plate. 

V’. lutmani was originally proposed as a subspecies of /’. hornii. A careful 
scrutiny of the specific scope of J)’. hornii and the revision of the concept of that 
species shows that /’. Jutmani is sufficiently different from /’. hornii to be regarded 
as a distinct species. 

V’. lutmani, together with )’. calafia and |’. gabbi, n. sp., form a compact group 
of species which will be designated here as a calafia lineage of the argentea stock. 
The features which are common to all these species and which may be regarded as 
important phylogenetic (static) characters are: the rounded to subquadrate outline 
with a prominent postero-ventral truncation and the large scimitar-like mediai 
cardinal. 

It should be pointed out that these characters are not present in a true [’. hornii 
as this species is delimited today. 

In addition to the occurrence in the Umpqua formation, /’. lutmani is also 
known from the Santa Susana shale in Llajas Canyon, California. 


Venericardia (Pacificor) diabloensis Verastegui, n. sp. 


Plate 5, figures 5-7, 7a 


1927. Venericardia hornii Gabb, n. var.?, Clark and Woodford, Uniy. California Publ., Dept. 
Geol. Sci., Bull., vol. 17, No. 2, p. 92, pl. 45. 


Description.—Shell large, slightly subquadrate, with inflated umbo and flattened 
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ventral area; anterior margin broadly rounded, the ventral gently curved, and the 
posterior slightly truncate; beaks massive and curved forward, placed ai about the 
anterior one-third. Umbonal sculpture consisting of 26 finely beaded and in the 
anterior medial area laterally terraced ribs; on the posterior portion ribs cordlike, 
crowded and less distinct; adult sculpture characterized by 26 gently rounded, 
almost flat ribs separated by linear intercostals, ribs and intercostals gradually disap- 
pear with growth about 50 mm. from the beak, giving place to thick incrementals. 
Lunule convex, deeply inset, with lunular margin sloping almost vertically and 
ending in a pustule (in the left valve). Ligamental groove shallow. Hinge plate 
moderately high and long with a slightly sinuous ventral margin; nymph narrow 
but long; ligamental pit triangular, deeply incised. Dentition of the left valve 
consists of a scimitar-like, cuneate anterior cardinal (2), pointing toward and touch- 
ing the lunular plate, with the inner face sloping uniformly toward the ventral 
margin of the hinge, and a thin posterior cardinal (4b), also sloping. Interior of 
the type filled with matrix, concealing the pedal and adductor muscle scars. Inner 
margins crenulate. 


Height, 72 mm.; length, 72 mm.; convexity, 24 mm. 
Paratype.—Height, 89 mm.; length, 92 mm.; convexity, 30 mm. 
Holotype.—Left valve, Stanford Univ. Paleo. Type Coll., No. 411. 
Paratype——Univ. Cal. Invert. Pal. Type Coll., No. 32779. 

Type locality—Marsh Creek, Brentwood, Contra Costa Co., California. 
Stratigraphic position ——‘D” member of Meganos formation. Lower Eocene. 


Dimensions of holotype. 


Discussion.—l. diabloensis closely resembles J’. lutmani Turner from Oregon 
in outline but differs in having two less ribs than the latter. In spite of this slight 
difference, /’. diabloensis appears to be a near descendant of J’. lutmani. The affinity 
of V. diabloensis with other members of the calafia lineage is not clearly marked, 
and for that reason it is preferable to regard /’. diabloensis as an offshoot of that 
lineage in the late lower Eocene. 


Venericardia (Pacificor) calafia Stewart, 1930 
Plate 15, figures 3-5,7; Plate 16, figures 1-3; Plate 17, figures 1,2 


1930. Venericardia horni subsp. calafia Stewart, Acad. Nat. Sci., Philadelphia Spec. Publ., 
No. 3, pp. 168-169, pl. 11, fig. 2. 

1938. Venericardia hornii subsp. calafia Stewart, Turner, Geol. Soc. Amer., Spec. Paper, 
No. 10, p. 50, pl. 14, fig. 4. 

1943. Venericardia hornii (Gabb) subsp. calafia Stewart, Weaver, Univ. Washington Publ. 
Geol., vol. 5, p. 134, pl. 28, figs. 6-7, pl. 31, figs. 4-5. 


Shell large, heavy, almost circular, with small beaks; 24 radiating ribs on each valve, 
decorticated at the beaks, but a few of the anterior ribs still showing the lateral ridges and 
iwo of the posterior ribs of the left valve distinctly noded but apparently not ridged; on 
the central region, the ribs flatten and disappear when the shell is about 42 mm. long, as 
shown by the growth lines, the central area being quite smooth; the anterior ribs gradually 
give way to prominent growth lines while the posterior ribs remain more or less distinct, 
but not prominent, to the posterior margin; hinge of type specimen not exposed. Length, 
95 mm.; height, 86 mm.; thickness of both valves, 53.5 mm.; no. 31450, Museum of 
Paleontology.—[Stewart, 1930, p. 168.] Rea 2 


Supplementary description —(based on topotype): Lunule convex, deeply inset, 
the right twice as large as the left; lunular groove trending downward and _back- 
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ward. Pseudoescutcheon well defined by a wide plate delimited by a grooved line on 
the dorsal side. Nymph long and narrow, somewhat alate at its posterior end, at 
the anterior it embraces a shallowly incised groovelike ligamental pit. Hinge plate 
high with a sinuous basal margin; dentition of the right valve consists of a strong 
plate-shaped, anteriorly slightly convex anterior cardinal (3a); a scimitar-like, 
strongly curved medial cardinal (3b), showing an incised groove in the upper part 
of the anterior face; and a long, thin, cordlike posterior cardinal (5b), the left 
valve has a high, curved, cuneate anterior cardinal (2), with an oblique cord in the 
upper part of the posterior face to correspond to the groove in 3b; and a thin, 
curved posterior cardinal (4b) which slopes slightly at the ventral end. Pedal 
and adductor muscle scars shallowly incised, the posterior scar remote from the 
hinge; pallial line entire, rather near the margins. Inner margin faintly crenulated. 

Dimensions of hypotype-——Height, 102 mm.; length, 108 mm.; convexity, 
63 mm. 

Holotype.—Right and left valves of a single individual; Univ. Cal. Invert. 
Pal. Type Coll., No. 31450. 

Fy potypes—Right and left valves of a single individual, Stanford Univ. Paleo. 
Type Coll., No. 8017; collector, T. F. Stipp; left valve, Cal. Acad. Sci., Type Coll. 
No. 1828, from one mile southeast of Oil City, Fresno Co., California. Domengine 
formation. 

Type locality.—Univ. Cal. loc. 7004, Llajas Canyon, Simi Valley, Ventura Co., 
California. 

Stratigraphic position.—Llajas formation, California; Tyee formation, Oregon. 
Middle Eocene. 

Discussion.—F enericardia calafia Stewart from the Llajas formation, California, 
seems to be a representative of a well-defined group in the North Pacific Coast. It 
is characterized by a circular to subquadrate outline, narrow umbos and prosogyrate 
pointed beaks. Unfortunately, both the holotype and the topotype here described 
show a badly preserved sculpture, especially at the beaks. However, a specimen 
from the Avenal sandstone, Coalinga area, California, shows the sculpture of the 
beaks. The ribs are tripartite on the antero-medial area and noded on the frontal 
portion; the first four or five anterior ribs show a riblet on their posterior sides for 
only the first 15 to 20 mm. of growth. Intercostals are V-shaped at the beaks, 
changing to U-shaped, and finally, when the shell is 40 mm. high, abruptly narrow 
to a linear pattern. This general pattern of sculpture is present in /’. argentea, n. sp., 
and other relatives that belong to the same stock. 

Stewart (1930) mentioned the possibility that ’. calafia is a close relative of 
I’. pacifica Olsson from northwestern Peru. Gardner and Bowles (1939) quoted 
Stewart on this relationship but made no further comments. After a close study of 
the specimen cited by Gardner and Bowles (1939, p. 179), which appears to be 
I’. pacifica, it is concluded that ’. pacifica and |’. calafia are not closely related and 
belong to two subgenera, Leuroactis and Pacificor respectively. 

V’. lutmani Turner from the lower part of the Umpqua formation appears to 
be ancestor of /’. calafia. These two species differ somewhat in outline, /’. lutmani 
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being more subquadrate, but the pattern of the hinge is almost identical in both. 
Among the later forms, /’. gabbi, n. sp., is probably a descendant of and falls in 
line with J’. calafia, even though there are some morphological differences. 


V’. calafia is important as a key marker of the middle Eocene because of its 
wide distribution along the North Pacific Coast. Besides occurring in southern and 
central California, it is found also in Oregon. There appear to bz no close relatives 
of I’. calafia in the Gulf Province or in South America. 


Venericardia (Pacificor) gabbi Verastegui, n. sp. 
Plate 19, figures 1, 5,6 


1925. Venericardia hornii (Gabb), Hanna, M.A., Univ. California Publ. Dept. Geol. Sci., 
Bull. vol. 15, No. 8, pp. 286-287, pl. 39, figs. 1, 2. 

1925. Venericardia hornii (Gabb), Anderson and Hanna, California Acad. Sci., Occ. Papers, 
vol. 11, p. 174, pl. 4, fig. 1. 

Description.—Shell large, thick, subquadrate in outline, the anterior margin 
broadly rounded, the ventral gently curved, the postero-ventral truncate, the postero- 
dorsal slightly arched. Umbo inflated, broadly convex, umbonal ridge inconspicuous 
but defined by a sudden change from coarse to fine ribs; beak prosogyrate, low, 
full, placed at about the anterior one-fourth. Sculpture consists of 23 ribs, 8 in 
the anterior area, wide, terraced and beaded in typical Pacificor manner; in the 
medial portion 6 ribs widen ventrally away from the umbo; in the posterior portion 
9 narrow ribs, the 4 nearest the cardinal margin less distinct but wider; interradials 
on the beak channeled, becoming linear, and persisting to the margin except in the 
medial-ventral area; incrementals fine in the umbonal area and coarse in the anterior 
and posterior portions. Lunule cordate, convex, anteriorly trending downward and 
slightly backward. Pseudoescutcheon distinct, wide. Hinge plate low and long; 
nymph triangular, long; ligamental pit elongate, deeply incised; dentition consists of 
a laminar anterior right cardinal (3a); a scimitar-like medial cardinal (3b) with a 
wide base, elongate anteriorly; and a cordlike, short posterior right cardinal (5b) 
on a wide nymphal body. Interior of the holotype concealed by matrix. 


Dimension of holotype.—Height, 105 mm.; length, 106 mm.; convexity, 40 mm. 
Holotype.—Right valve, Cal. Acad. Sci. Type Coll., No. 686; collector, M. 
Hanna. 


Type locality —Grapevine Canyon, Kern Co., California. 

Stratigraphic position—Tejon formation. Upper Eocene. 

Discussion.—I enericardia gabbi is characterized by its subquadrate outline and 
by its strongly convex umbo. It differs from J’. hornii (Gabb) in its outline, as 
the original Gabb specimen is elongate and obliquely ovate and J’. gabbi has a 
a quadrate outline accentuated by a sharp truncation on the posterior ventral margin. 
This quadrate outline is related to other internal characters. Thus, in the study 
of I’. hornii, it was found that its obliquely ovate outline is correlated with the shape 
of the anterior medial cardinal (3b) which is elongate anteriorly, with a short basalt 
margin. ‘There is also a difference in that a shell with higher convexity (V’. gabbi) 
has wider ribs in the medial portion of the valve. 

Phylogenetically, 1’. gabbi is related to I’. lutmani Turner and J’. calafa 
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Stewart. The relationship is shown by the close similarity of the shape of the 
medial cardinal (3b). In these three species this tooth has a strikingly scimitar-like 
shape. It is believed that the correlation of hinge armature with the subquadrate 
outline, which persists in a number of species through the Eocene, is not a mere 
coincidence but is a result of functional interrelation and is peculiar to a limited 
number of species. It is, therefore, to be regarded as a static phylogenetic character. 

This fossil is named in honor of W. M. Gabb, in recognition of his invaluable 
work in the paleontology of western North America. 


Venericardia (Pacificor) weaveri Verastegui, n. sp. 
Plate 21, figures 3,4 


1907. Venericardia planicosta Lamarck, Arnold, U.S. Nat. Museum, Proc., vol. 38, pl. 38, 
1907. are planicosta Lamarck, Arnold, Smithsonian Misc. Coll., vol. 50, pl. 51, fig. 1. 
1910. ee planicosta Lamarck, Arnold, U.S. Geol. Survey, Bull. 396, p. 13, pl. 2, 

Description.—Shell large, thick, outline round to subquadrate, the anterior and 
ventral margins evenly rounded, the postero-ventral somewhat attenuate and the 
posterior margin slightly truncate. Umbo convex, inflated; umbonal ridge weak, 
ribs narrower on posterior slope; beak distinctly low, at about the anterio1 two-fitths. 
Sculpture, characteristic of Pacificor, consisting of 21 rounded ribs relatively less 
perceptible in the ventral portion of the medial area; 14 ribs in the antero-medial 
area typically fasciculate—tripartitely ribbed—showing a distinct nodose ornamenta- 
tion near the beak and on rib crests; 7 ribs in the posterior area less prominent, thin 
and crowded. Interradials persistent to the margins, V-shaped on the beaks, become 
linear in the rest of the shell. Incrementals fine on the disk, coarse on the anterior 
portion. Lunule cordate, deeply inset; lunular groove wide, vertical. Pseudo- 
escutcheon well defined; hinge plate long and low with a sinuous basal margin; 
ligamental groove and ligamental pit deep, the latter deeply excavated. Dentition of 
the right valve of the holotype consists of a small, laminar anterior cardinal (3a) ; 
a strong, cuneiform scimitar-like medial cardinal (3b); left valve of the paratype 
with a triangular, pyramidal anterior cardinal (2), and a thin, curved posterior 
cardinal (4b). Pedal and adductor muscle scars well incised; pallial line at a 
moderate distance from the margins. Inner margin with wide crenulations. 

Discussion.—V enericardia weaveri is a new species which has had a confused 
taxonomic history. This species was originally identified by Arnold in 1907 as 
V’. planicosta Lamarck. Subsequent workers, however, called it /. clarki Weaver 
and Palmer and regarded it as belonging to the hornii-clarki complex of species. 

In the light of our present knowledge of venericards from western North 
America it can be readily shown that /’. weaveri is a distinct species and that it falls 
into the phylogenetic lineage of I’. gabbi. 

The diagnostic features of /’. weaveri are the rounded to subquadrate outline, 
rounded ribs, and the subcuneate shape of the medial cardinal (3b). 

V’. weaveri is closely related to ’. gabbi, n. sp., which is a typical representative 
of the calafia lineage. ‘The relationship can be seen in the round to subquadrate 
outline, in the general character of the ribbing, in the wide and strong nymphal body, 
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and furthermore, in the convexity of the shell. /’. weaveri is made a separate species 
because it has fewer ribs (by two or three) and because the basal margin of its 
medial cardinal (3b) is narrower. The latter difference may be due to the smaller 
size of the compared holotype. 

A specimen that may be /’. weaveri was obtained from the “Coldwater” forma- 
tion, Ventura County, California. 

Dimension of holotype-—Height, 79 mm.; length, 80 mm.; convexity, 29 mm. 

Holotype—Right valve: Stanford Univ. Paleo. Type Coll., No. 8024. 

Type locality Southeast bank of Stillwater Creek, 114, miles NW. of Vader, 
Wash. 


Stratigraphic position—Cowlitz formation of Oregon and Washington. Gaviota 


formation and, questionably, “Coldwater” of California. 
This species is dedicated to Dr. Charles E. Weaver. 


Venericardia (Pacificor) clarki Weaver and Palmer, 1922 


Plate 20, figures 1-6 


1917. Venericardia planicosta hornii (Gabb), Waring, California Acad. Sci., Proc., 4th ser., 
vol. 7, pp. 95-96, pl. 11, figs. 3-5. 

1922. Venericardia clarki Weaver and Palmer, Univ. Washington Publ. Geol., vol. 1, No. 3, 
p. 19, pl. 9, figs. 4,5; pl. 10, fig. 8. 

1925. Venericardia clarki Weaver and Palmer, Hanna, M.A., Uniy. California Publ. Dept. 
Geol. Sci., Bull. 15, No. 8, p. 287-288, pl. 36, figs. 3,8; pl. 38, figs. 2,3; pl. 43, fig. 2, 
(only) ; pl. 44, fig. 2 (only). 

1938. Venericardia hornii subsp. clarki Weaver and Palmer, Turner, Geol. Soc. Amer., Spec. 
Paper, No. 10, pp. 49, 50, pl. 13, figs. 2,3 (only). 

1943. Venericardia (hornii) subsp. clarki Weaver and Palmer, Weaver, Univ. Washington 
Publ. in Geol., vol. 5, p. 274, pl. 27, figs. 7,9,10,17 (only). 


Original description——Shell small and ovate; umbones small; anterior end slightly pro- 
duced, sloping from the beaks at an angle of 20°, rounding into the ventral margin; ventral 
margin regularly rounded; posterior end rounded, passing from the ventral margin at about 
the same degree of convexity as the anterior end; posterior dorsal margin nearly straight 
or slightly curving to the posterior end; surface ornamented with 18 to 20 very well developed 
radiating ribs with rounded interspaces about half the width of the rib; the median portion 
of the ribs is raised and rounded, the base forming a lower ridge on each side of the ribs, 
giving them a tripartite character; the median, raised portion of the ribs is ornamented by 
fine nodes or pustules which occur on all the ribs on very young shells, and on the umbonal 
region and the anterior end of most of the shells; the ribs on the posterior end of the older 
speciméns become broader and the pustulate condition obliterated; inner margin fluted. 
Dimensions: length, 17 mm.; height, 15 mm.; thickness, 11 mm.—[Weaver and Palmer, 1922, 
Pp. 19.] 

Supplementary description. Shell large, thick, posterior cardinal margin regularly and 
broadly curving, ventral margin broadly rounded, joining the posterior cardinal margin in 
a much smaller arc, which tends to give shell a subtrigonal outline; anterior margin moder- 
ately rounded but straightening out into a broad curve anterior to the small, well-defined 
lunule, which is circumscribed by a lateral groove anterior to the surface of the lunule, and 
not visible from the front of the shell; beaks prominent, anterior, and moderately high. ‘The 
surface ornamentation consists of growth lines and twenty-one radial ribs (pl. 43, fig. 2), 
which are very well rounded on the umbone but broadly rounded near middle of shell, and 
flattened or nearly obsolete near margin, due to increased prominence of growth lines. Radial 
ribs may be separated into two groups. Posterior six to eight are much narrower, closer, and 
less distinct than other ribs of shell. Line of demarcation extends from beak to posterior 
dorsoventral point. Hinge massive but only moderately wide. Anterior cardinal left valve 
slightly bifid, a character found in many of the valves of this species; large socket nearly 
straight on the anterior side but broadly curving on the posterior forming ‘an angle of about 
forty degrees with the hinge line. Inner margin crenulate. 

Dimensions of the plesiotypes figured: left valve: 110 mm.; altitude, too mm.; thickness, 
37 mm.; right valve: length. 100 mm. (broken) ; altitude, 92 mm. (broken) ; thickness, 35 mm. 
—[Hanna, 1925, p. 288.] 
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Fypotype.—Both valves of an individual, Stanford Univ. Paleo. Type Coll., 
No. 8022, from bluffs along Cowlitz River below the mouth of Drew Creek, east 
ot Olequa, sec. 34, T. 11N., R. 2W., Little Falls, Lewis County, Washington. 

Hypotype-—Hinge of left valve, Cal. Acad. Sci. Type Coll., No. 7727, from 
about 114 miles W. of Vader, Washington. 

Holotype.—Left valve, U. of Wash. Paleo. Coll. No. 169, from the north bank 
ot Cowlitz River, near the bend in sec. 28, T. 11 N., R. 2 W., Little Falls, Lewis 
Co., Washington. (Cal. Acad. Sci. Type Coll., No. 7430.) 

Discussion Unfortunately the holotype of V’enericardia clarki is not a good 
representative of the species; it is a young form of only 18 mm. in height, while 


mature specimens reach more than 100 mm. 

Numerous specimens have been available for the present study and the published 
illustrations have helped in the evaluation and restriction of the concept ot I’. clarki. 

Hanna (1925) has noted the wide variation in the specific characters of the 
immature specimens and has also indicated that several species or variants might be 
described from that complex. Hanna’s recognition of forms belonging to potentially 
aifferent species among /’. clarki was correct. 

In the present study, a critical evaluation of the morphologic characters of 
venericards from the upper Eocene has shown the existence of definite phylogenetic 
lineages evolving from ancestral stocks in lower horizons. 

In the present work, thus far, two phylogenetic lineages, the horni and the 
calafia are recognized in the upper Eocene. As it was pointed out, in the discussion 
of V’. hornii (Gabb), these two phylogenetic lineages are characterized by distinct 
morphological features related to the outline of the shell. The hornii lineage is 
characterized by having an obliquely ovate outline which is the same as that of 
Il’. clarki. The close relationship of I’. clarki to V’. hornii, s.s., is also seen in the 
similarity of the general pattern of the hinge plate. 

I’. clarki, having an obliquely ovate outline and the characteristic oblique 
medial cardinal, falls into the phylogenetic lineage of J’. hornii. 

Notwithstanding the close relationship of J’. clarki to I’. hornii, specific 
differences can be recognized. J. clarki has relatively greater convexity associated 
with a more prominent umbo, fewer ribs (two or three), and the less elongate 
triangular-pyramidal left anterior cardinal (2). All of these characteristics are 
constant and have sufficient value for the separation of J’. clarki from other species. 

IV’. clarki is widely spread in the upper Eocene of Washington and Oregon and 
is questionably recorded in California from the Markley formation. 


Venericardia (Pacificor) hornii (Gabb) 
Plate 18, figures 1-7; Plate 19, figure 7 


1855. Cardita planicosta Lamarck, Conrad, U.S. 33 Congress 1st Sess., House Exec. Doc. 
No. 129, (1855) p. 10, App. to Report of W.P. Blake; Conrad, 1857-1858, Pac. R.R. 
Reports, (33 U.S. Cong. 2nd Sess., Senate Exec. Doc. 78 & House Exec. Doc. 91) vol. 
Sy pt) 2) apps 2) ps 342%) ply 2, che. 6: 

1864. Cardita hornii Gabb, Geol. Survey California, Paleo., vol. 1, p. 174, pl. 24, fig. 157, 
1869, vol. 2, p. 187, 188, pl. 30, fig. 83a. 

1925. Venericardia horni (Gabb). Hanna, M.A., Uniy. California Dept. Geol. Sci., Bull., 
vol. 15, No. 8, p. 286-287, pl. 15, fig. 5 (after Gabb). 
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1930. Venericardia hornii (Gabb), Stewart, Acad. Nat. Sci. Philadelphia, Spec. Publ. 3, 
pp. 165-170, pl. 11, fig. 1 (lectotype). 

1938. Venericardia clarki Weaver and Palmer, Turner, Geol. Soc. Amer., Spec. Paper, 
No. 10, p. 49, pl. 14, fig. 1 (only). 

1943. Venericardia hornii (Gabb) subsp. clarki Weaver and Palmer, Weaver, Univ. Wash- 
ington. Publ. Geol., vol. 5, p. 135, pl. 32, fig. 2. 


Original description—Shell large, thick, convex, subquadrate, oblique; beaks prominent, 
anterior, subterminal; cardinal margin broadly arched, sloping slightly, and uniting with the 
posterior end with a regular curve; base broadly rounded, most prominent in the middle, 
from which point it runs upwards rapidly towards the anterior end, which is broadly and 
regularly curved; posterior end obliquely subtruncated, angular below. Surface marked by 
twenty-two broad rounded ribs, a little the smallest posterior to the umbonal angle [sic/]; 
these ribs are somewhat flattened above, especially towards the base, have acute interspaces, 
and are crossed by numerous coarse, irregular lines of growth. Hinge very thick, robust, and 
resembling that of C. planicosta of the Eocene. 

Figure, natural size. 

Localities —Abundant near Fort Tejon; also found at Martinez, and near Clayton. 

I dedicate this magnificent species to my friend, Dr. Horn, U.S.A., in recognition of the 
valuable assistance he has rendered me, in collecting Cretaceous fossils in the vicinity of Fort 
Tejon. 

It is not so surprising as might appear at first glance, that Mr. Conrad should have 
referred this shell to Lamarck’s species. The form figured is probably an extremely oblique 
one, although all of the adult specimens show more or less of an approach to this shape. 
The young shells, of which I have examined a large number, approach much more nearly 
to C. planicosta in outline. Add to this the fact that whenever the shell is weathered so as 
to lose the outside layer, the ribs become quite flat, angular on the sides, and with broad, 
flat interspaces. Wherever the surface is preserved intact, however, the rotundity of the ribs, 
and the narrow, acute interspaces, show a character entirely incompatible with the other 
form. <A further resemblance is in the hinge, which, as well as my memory serves me, is 
nearly, if not quite, undistinguishable from that of C. planicosta—[Gabb, 1864, p. 174.] 

Lectotype.—Right valve, Acad. Nat. Sci., Philadelphia, No. 4558, from Tejon, 
California. 

Hypotype.—Left valve, Stanford Univ. Paleo. Type Coll., No. 8018, east side 
of Live Oak Canyon, Kern Co., California. 

Hypotype.—Left valve, No. 8019, from same as 8018. 

Flypotype-—Hinge of a right valve, No. 8020, from same locality as 8018. 

Flypotype.—Right valve, Cal. Acad. Sci. Type Coll. No. 7728, from east bank 
of Live Oak Creek, about three-quarters of a mile from the mouth. 

Venericardia hornii (Gabb), in Gabb’s words (1869, p. 168) ‘‘Fingerpost 
of the Tejon group,” has definite characters to differentiate it from other contem- 
poraneous forms. Stewart (1930) established and figured the lectotype of the 
species which serves as a standard on which to base the concept of the species. With 
this lectotype for reference, it is possible to clear up ‘“‘the problem of variation,” 
indicated by previous authors including Gabb himself. 

In 1864, pp. 149-150, describing this species, Gabb indicated that the outline 
of V’. hornii is “subquadrate, oblique.” Afterward in the comments he wrote, “The 
form is probably an extremely oblique one, although all the adult specimens show 
more or less of an approach to this shape.’ After subsequent work on the Eocene 
fauna of California, Gabb in 1869, p. 188, revised the description of /’. hornii and 
modified his previous description of the outline as follows: “Shell variable in 
shape, subtrigonal to subquadrate.’’ ‘This change in the original concept was 
occasioned by his having seen specimens from other localities, for he said, “Since 
then (1864) it has been found in several localities, and fine specimens had been 
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obtained near New Idria, and West of Griswold’s on the road from the latter place 
to San Juan.” Today these localities are regarded as of middle Eocene age, and 
it is evident that the /’enericardia forms Gabb then had before him were quite 
different from the true J’. hornii. 

Hanna (1925, p. 286), evaluating the morphologic characters of [’. hornii, 
concluded that the general outline of this species varies from rounded to subquadrate, 
and that in some specimens the truncation of the postero-ventral margin makes a 
greater angle with the posterior cardinal margin than in others. In the latter the 
outline will be nearly quadrate and in the former broadly rounded posteriorly. 

The variability of the outline of /’. hornii does not appear to be so great as 
Hanna stated. Upon closer study of the specimens and illustrations at hand it 
seems that the concepts of /’. hornii and of one or more forms, including J’. clarki 
Weaver and Palmer, have been confused by different authors. The oblique outline 
is present in shells which have little or no truncation of the postero-ventral margin. 
This is only one of the several interrelated morphological characters of the shell. 
‘Thus, a specimen having a roundish or a subquadrate outline in the adult stage, 
differs from one with obliquely ovate outline by having different hinge teeth and, 
to some extent, a different umbonal convexity. 

In J’. hornii, which has an obliquely ovate outline, the medial cardinal (3b) 
is elongated anteriorly with a short marginal base. In J’. gabbi, with subquadrate 
outline, the same tooth is scimitar-like and although similarly curved anteriorly, it 
has a wider marginal base. 

In addition to the California occurrences, the true /’. hornii is found also in 
Oregon. ‘Turner (1938) had stated that some Oregon specimens, especially from 
Cape Arago, resemble in outline /’. hornii more than J’. clarki. ‘The illustration 
of IV’. hornii subsp. clarki on pl. 14, fig. 1 (Turner, 1938) (refigured by Weaver, 
1942) shows a species which has all the characters of . hornii. Furthermore, two 
specimens in the California Academy of Sciences Collection, from Cape Arago region, 
Oregon, also belong to )’. hornii, as is manifested by their obliquely ovate outline 
and by the pattern of the hinge. 


Venericardia (Pacificor) vallecitosensis (Vokes), 1939 
Plate 12, figures 1-3 


1939. Megacardita (Venericor) vallecitosensis Vokes, New York Acad. Sci., Annals, vol. 38, 
p. 67, pl. 5, figs. 11-13. 


Holotype 15614; loc. A-1022; length 65.0 mm., altitude 63.0 mm. 
Paratype 15615; loc. A-1022; length 32.5 mm., altitude 31.5 mm. 


Description—Shell large, heavy, almost circular in outline; umbos moderately inflated ; 
surface with 23 radiating ribs, those on the central portion of the valve being planicostate and 
separated by flat-bottomed interspaces about two-thirds as wide as the ribs; valve slightly 
angulate at the sixth rib from the posterior margin, the posterior ribs narrow, somewhat 
ridged and closer together, the anterior 5 or 6 ribs so interrupted by the growth-lines as to 
appear to be noded, and separated by interspaces wider than the ribs; growth lines elsewhere 
on the shell not prominent; lunule small and inconspicuous; hinge plate small, the central 
cardinal of the left valve comparatively small, trigonal in shape and somewhat posterior 
to the umbo; socket large, curved on both the anterior and the posterior sides; posterior 
cardinal long, thin, and high; nymph plate thin, high, so close to the posterior cardinal as 
to suggest a deeply grooved tooth. 
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Comparison.—M. vallecitosensis may be readily separated from all previously described 
West American species by the flat-topped ribbing, which more nearly approaches the type 
characteristic of M. planicosta than is the case in any other recognized species from this 
region.—[ Vokes, 1939, p. 67.] 


Holotype——Left valve, Univ. Cal. Invert. Pal. Type Coll. No. 15614 from 
small canyon entering San Carlos Creek at south edge of sec. 16, T.17 S., R. 12 E., 
Vallecitos syncline, Priest Valley Quad., San Benito Co., California. 

Hypotype-—Right valve, Univ. Cal. Invert. Pal. Type Coll., no. 30177. 

Discussion.—J enericardia vallecitosensis is characterized mainly by flat ribbing, 
a feature which would suggest the affinity to the subgenus J’enericor, but the 
presence of the pseudoescutcheon and the low hinge plate indicate that this species 
should be assigned to the subgenus Pacificor. 

The similarities in morphological characters between J’. carlosensis and J’. 
vallecitosensis (Vokes) indicate a very close relationship between them. ‘These two 
species with low hinge and oblique medial cardinal stand isolated from the rest 
of the Pacificor species and are considered as belonging to an offshoot with no 
indication as to their immediate ancestry. 


Venericardia (Pacificor) carlosensis (Vokes), 1939 
Plate 13, figures 4-9 


1939. Megacardita (Venericor) hornii (Gabb) carlosensis Vokes, New York Acad. Sci., 
Annals, vol. 38, pp. 68, 69, pl. 7, figs. 1-6. 


Holotype 15619; loc. A-1017; length 73.0 mm., altitude 57.5 mm. 

Paratype 15620; loc. A-1017; length (incomplete), 67.0 mm.; altitude 63.6 mm, 

Paratype 15621; loc. A-1017; length (incomplete), 51.0 mm.; altitude 45.7 mm. 

Paratype 15622; loc. A-1017; length (incomplete), 30.5 mm.; altitude (incomplete) 
23.0 mm. 


Description.—Shell moderately large, thin for the genus, variable in shape, quadrate to 
subtrigonal; umbos small, anterior; lunule minute, deeply impressed; escutcheon narrow, 
elongate; posterior end of shell obliquely angulate; surface with 21 radial ribs, the posterior 
5 ribs small, rounded and weakly developed, separated by interspaces of equal width; the 
3 ribs anterior to these strongly developed, persistently flat-topped, angulate at the edges, 
and separated by V-shaped interspaces of equal width; the 5 anterior ribs nodose in appear- 
ance due to the strength of the growth-lines and separated by interspaces of equal width; 
the 8 ribs on the center of the valve minutely nodose in the early stages of development, 
flat-topped during adolescence, and rounded in the adult; hinge-plate small, the right 
cardinal curved, narrow and elongate, the nymph-plate long and grooved, the right socket 
narrow and obliquely set with a small tubercle on the anterior side; the left anterior cardinal 
small and subtriangular; the posterior cardinal long, thin and curved, the nymph-plate long, 
low, and so closely set against the posterior cardinal as to appear to be a part of that tooth. 

Comparison.—The small umbo and general outline is very suggestive of Gabb’s original 
figure of M. hornii, but the small hinge-plate with the narrow elongate right cardinal and 
the character of the ribbing are distinctive. The shape and the character of the ribbing is 
sufficient to distinguish the new subspecies from all other described species of Megacardita. 

Additional notes—TYhe number of ribs is constant: of 4o specimens examined 4 had 
20 ribs, 27 had 21, 8 had 22, and 1 had 23. This form occurs at but one locality in the 
Vallecitos (U.C. loc. A-1o17), where it is associated with Pelecyora aequilateralis (Gabb), 
Ostrea idriaensis Gabb, Loxotrema turrita Gabb, Potamides carbonicola Cooper, and Caly- 
ptraea diegoana (Conrad). These species suggest that the water was of less than normal 
salinity, which may be a possible explanation for the thin shell and the great variation in 
shape.—[Vokes, 1939, p. 68.] 


FHolotype.—A right and left valve of the one individual. Univ. Cal. Invert. Pal. 
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Type Coll., No. 15619 from Uniy. Cal. loc A-1017, top of a small ridge 800’ SW. 
of Hill 2,200 near centre of south edge of sec. 16, T. 17 S., R. 12 E. 


Discussion.—A cursory examination of the more or less flat ribs in J’. carlo- 
sensis would suggest a relationship to Venericor (=‘‘planicosta’’) group. A more 
comprehensive study, however, reveals that J’. carlosensis has a pseudoescutcheon. 
a characteristically low hinge and an obliquely inclined medial cardinal (3b). These 
morphological characters are not found in the subgenus /’enericor but are present 
in the group of species which form an offshoot from the main stocks of Pacificor 
and which include J’. carlosensis and I’. vallecitosensis. 


The thinness of the shell of J’. carlosensis was first noticed by Vokes (1939). 
This was mentioned anew by White (1940). As has been pointed out earlier it 
would seem that the brackish water environment could also account for other 
abnormalities which were observed in the hinge of /’. carlosensis (see Pl. 13, figs. 8 
and 9). It can be seen how the medial cardinal (3b) of the right valve and the 
anterior (2) and the posterior (4b) left cardinals are split as if they were tripartite. 
No other explanation for such abnormality can be presented at this time. 

On the East Coast, ’. (Pacificor) turneri Gardner and Bowles appears to be 
closely related to /’. carlosensis. The striking similarity of the hinges as well as of 
the outline, which in itself is unusual for venericards, suggest a direct relationship. 


Venericardia (Pacificor) transversaria Verastegui, n. sp. 
Plate 2, figures 2-4 


1925. Venericardia planicosta var. venturensis Waring, Nelson, Univ. California Publ. Dept. 
Geol. Sci., Bull., vol. 15, No. 11 (list). 

Shell large, thick, inflated, outline subquadrate. Umbo prominent, strongly 
curved forward (unfortunately beak, lunule, and part of the hinge are broken in 
the holotype); anterior margin broadly rounded, ventral margin gently curved, 
turning abruptly about 90° to the straight posterior margin. With typical Pacificor 
sculpture modified by superimposed wrinkled laminations consisting of 22 ribs; the 
6 anterior radials characterized by having lateral riblets not reaching the anterior 
margin; 4 of the 6 ribs on the posterior area thin, 2 marginal ribs wider. Interradials 
linear in the antero-medial portion, becoming gradually wider and U-shaped in the 
pesterior area. Pseudoescutcheon wide, concave, and distinct. Ligamental groove 
well developed. Hinge heavy, high, and short with a sinuous basal line; dentition 
not well preserved in the holotype, except the base of the massive and curved middle 
right cardinal (3b). Pedal muscle scar deep and large; adductor muscle scars 
deeply impressed. Shell conspicuously thickened at the postero-ventral point of the 
posterior scar; pallial line irregular, rather far removed from the margin; inner 
marginal crenulations very coarse. 

Dimensions of holotype-—Height, 76 mm.; length, 76 mm.; convexity, 29 mm. 

Holotype —Right valve: Univ. Cal. Invert. Pal. Type Coll., No. 32804-a; 
collector, R. N. Nelson. 

Type locality—Univ. Cal. loc. 3765, NW 1% SW \% sec. 24, T. 2N., R. 
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18 W., 6,800 feet N. 16° E. of Hill 2150, Simi Hills, Camulos Quad., Ventura 
Co., California. 

Stratigraphic position. —“Martinez marine member’ of Nelson, Martinez 
“croup.” Paleocene. 

Discussion.—Unfortunately, /’enericardia transversaria is based on one specimen, 
the holotype, which is not well preserved, the beak, the lunule, and part of the hinge 
being broken off. In spite of this, the rest of the shell shows enough features to 
justify the establishment of this interesting new species, which is different from any 
other contemporaneous form of western North America. 

I’. talara Olsson trom the middle Eocene Chacra formation of northwestern 
Peru is closely related to I’. transversaria. The peculiar ribbing consisting of trans- 
verse wrinkles is observed in both forms. Although Olsson (1929) related his 
species to /’, rotunda Harris, the ornamentation of the shell suggests that /’. talara 
is a species of Pacificor, and not related to I’. rotunda, which probably belongs to 
the subgenus Glyptoactis. 

V’. transversaria and J’. nelsoni, n. sp., which bear the same locality number, 
must have come from the same stratigraphic horizon, the “Martinez marine member” 
of the “Martinez group” of Nelson (1925), Simi Valley, California. 

The striking similarity in the external appearance (wrinkled ribs) of I. 
transversaria to that of the Cretaceous species /’. fyfei from New Zealand suggests 
that V’. fyfer or a IV’. fyfei-like form was probably a radical of the transversaria 
lineage in the subgenus Pacificor. 


Venericardia (Pacificor) taliaferroi Verastegui, n. sp. 
Plate 1, figures 15, 16 


1944. Venericardia venturensis Waring, Taliaferro, Am. Assoc. Petr. Geol., Bull., vol. 28, 
No. 4, p. 516 (list). 

Shell small, convex, outline obliquely cordate, anterior and ventral margins 
broadly rounded, the posterior obtusely truncate, the postero-dorsal somewhat arched ; 
umbonal area convex; beak prosogyrate, curved forward, low, at about the anterior 
one-fourth. Posterior area depressed, slightly concave, characterized by finer ribbing. 
Sculpture (well preserved in the holotype) consisting of 20 to 22 ribs; the anterior- 
most 3 ribs V-shaped, the next 11 ribs tripartite with lateral terraces about one-fifth 
the width of the radials; ribs separated by U-shaped channels; the posterior 7 ribs 
V-shaped, the second from the last a little higher than the rest; interradials ap- 
parently obtusely V-shaped; with fine incrementals on the umbonal area, anteriorly 
coarsened to give the radials the appearance of being crenulated; periodic constric- 
tions of growth (annual rings) well marked. Lunule impressed, slopes downward 
and forward. Hinge and interior of the types concealed by coarse matrix. 

Dimensions of holotype-—Height, 20.5 mm.; length, 22 mm.; convexity, 9 mm. 

Holotype.—Left valve: Stanford Univ. Paleo. Type Coll., No. 7996; collector, 
H. G. Schenck. ? 

Paratype.—Left valve: Stanford Univ. Paleo. Type Coll., No. 7997; collector, 
H. G. Schenck. 
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Type locality—NW 1 NE 4 sec. 30, T. 25 S., R. 10 E., 4 mile SSW. of 
Bench Mark 719, south of Williams Ranch on the Nacimiento River, Adelaida 
Quad., San Luis Obispo Co., California. 

Stratigraphic position —Dip Creek formation. Paleocene ? 

Discussion.—IJ enericardia taliaferroi is a new species which was originally 
misidentified as /’. venturensis Waring. The round ribs and the typical Pacificor 
distribution of fasciculate (terraced) ribs show that it is unrelated to ’. venturensis 
which belongs to the subgenus /’enericor (the “planicosta’’ group). Unfortunately, 
the poor state of preservation of J’. taliaferroi makes it impossible to determine the 
suspected presence of the peculiar type of escutcheon (pseudoescutcheon) which is so 
characteristic of all species of the subgenus Pacificor. 

On the basis of ribbing alone, /’. taliaferroi appears to be closely related to 
V’. argentea, n. sp., but it can be easily distinguished from that species by having a 
smaller number of ribs (22) and by the wider interradials. 

There is some doubt about the geologic age of /’. taliaferroi, and for that 
reason it is indicated here as questionably Paleocene. It should be pointed out that 
by its size, general shape, and its smaller number of ribs, /’. taliaferroi resembles 
more closely the Cretaceous than the Paleocene forms. The fossils which were 
found associated with /’. taliaferroi, as reported by Taliaferro (1944), seem to 
indicate a mixture of Cretaceous and Paleocene elements. The state of preservation 
leaves much to be desired and until better material is obtained from the Deep Creek 
formation, no precise dating of the rocks can be made with any degree of certainity. 


Venericardia (Pacificor) lisa Verastegui, n. sp. 


Plate 21, figures 1, 2 


Shell large, outline subquadrate to ovate, the anterior margin passing into the 
ventral in an evenly rounded arc, the postero-ventral margin attenuate, the posterior 
slightly curved; umbonal region inflated; beaks low, placed at the anterior one- 
third. Sculpture (not well preserved in the holotype) consists of 20 to 22 simple, 
rounded ribs. Ribs almost obsolete in the ventral part of the medial portion ot 
the shell, but distinct to the margin in the anterior and posterior areas. Interradials 
linear, evanescent in the medial portion and near the ventral area. Incrementals 
fine, threadlike. Lunule cordate, small; lunular groove wide, trending downward 
and slightly forward. Pseudoescutcheon present. Hinge plate low and _ long. 
Nymph long; ligamental pit in front of the nymph deeply incised; anterior right 
cardinal (3a), laminar, small; a medial (3b) strong, curved forward, with a long 
basal margin; a posterior cardinal (5b) thin, cordlike; the left valve with a small, 
trigonal, elongate anterior cardinal (2) and a thin, curved posterior cardinal (4b). 
Pedal and adductor muscle scars small and shallowly incised. Inner margin 
crenulate. 


Dimensions of holotype-——Height, 77 mm.; length, 80 mm.; convexity, 27 mm. 


FHolotype-—Two valves originally in attached position: Stanford Univ. Paleo. 
Type Coll., No. 8023. 
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Type locality —Bluffs along Olequa Creek at Old Ainslee Mill, T. 11 N., 
R. 2 W., Lewis Co., Washington. 


Stratigraphic position —Cowlitz formation. Upper Eocene. 


Discussion.—V enericardia lisa‘ is closely related to [’. weaveri. The relationship 
is seen in the inflation of the umbonal region and in the low beak. “The two species 
differ in the pattern of the ribbing, which in /’. lisa is simple and in the ventral 
part of the medial portion is almost obsolete and smooth after the shell has reached 
the height of 40 mm. Another difference is that in J’. lisa the medial cardinal 
(3b) is not high and scimitar-like but has a long basal margin and the tooth is 
elongated anteriorly. 

Forms found in the Gaviota formation, Santa Inez Mountains, Santa Barbara 
Co., California, appear to be closely related to J’. lisa. 


Subgenus GLYPTOACTIS Stewart, 1930 


1930. Glyptoactis Stewart, Gabb’s California Cretaceous and Tertiary type lamellibranchs, 
Acad. Nat. Sci. Philadelphia, Spec. Publ. 3, pp. 3151-152. 


Type species by original designation: Venericardia hadra Dall. Lower Miocene (Chipola 
formation) of Florida. 


The American Miocene Venericardia are not so high as the typical or Venericor or 
Leuroactis. For this group the new subgeneric name Glyptoactis is proposed with V. hadra 
Dall as the type species (Dall, 1903, p. 1429, pl. 53, figs. 11, 13, Chipola). The species differ 
from the typical in having a curved elongate right cardinal and a small anterior pustule 
or lateral. The right hinge of a closely related species has been figured by Dall (1903, p. 
1430, pl. 53, fig. 12) and his figures of both species have been reproduced by Gardner 
(U.S. Geol. Survey Prof. Paper 142-B, 1926, p. 90, pl. 17, figs. 11-13). The group is 
known from the Eocene /’. alticostata (Harris, Bull. Am. Paleontology, vol. 6, 1919, p. 82, 
pl. 30, figs. 1-5, Claiborne) — and is still living on the West Central American coast as 
V. cuvieri Broderip (Reeve, Conch. Iconica, vol. 1, 1843, pl. 5, fig. 24, Cardita). Judging 
from the figures, /’. acuticostata from the French Eocene is another member of this group 
(Cossmann and Pissarro, 1906, pl. 31, figs. 97-7, Lutetien-Bartonien). “Cardita” sandiegoensis 
from the Eocene of California may also be a Glyptoactis (Hanna, Univ. California Bull, 
Dept. Geology, vol. 16, 1927, p. 283, pl. 37, figs. 1-2, 8-9.) 

The hinge of Glyptoactis suggests the minute Mediterranean Glans Megerle 1811 
(Bucquoy, Dautzenberg, and Dollfus, Moll. Roussillon, vol. 2, 1892, p. 231, pl. 38, figs. 21-25), 
which has more distinct laterals and a shorter right cardinal enlarged anteriorly. Were it 
not for the similarity of Glyptoactis with some of the species of Venericardia s.s., I should 
place Glyptoactis under Glans, but the resemblance may be fortuitous, and temporarily at 
least Glyptoactis is better left under Venericardia, since it is difficult if not impossible at 
the present time to recognize the two groups among immature Eocene specimens. These 
specimens may actually show the development of a subgenus, but such an interesting con- 
clusion could only be accepted after a much more exhaustive study of them has been made. 
—[Stewart, 1930, p. 151.] 


To this original description of G/yptoactis one may add that all species included 
in this subgenus possess the escutcheonal cord and fasciculate (tripartite) ribs. “The 
tasciculate ribs are especially well developed in Cretaceous and Paleocene species 
such as Venericardia (Glyptoactis) beaumonti Archiac, |’. alticostata (Conrad), 
V’. (G.) keenae, n. sp., and other related forms. The species from progressively 
higher horizons show a gradual waning of this character. J’. (G.) marksi, n. sp., 
{rom the upper Eocene has terraced ribs only in the mature (marginal) part of the 


1 Pronounced “leessah”’; the Spanish lisa, meaning smooth, is chosen in reference to the 
smooth surface near the ventral margin. 
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shell, and the Miocene type of the subgenus J’. (G.) hadra Dall shows only a 
weakly developed trace of terraced ribs in the marginal area. 

It should be noted that terraced ribs may occur in other subgenera of J’eneri- 
cardia; but, as in Pacificor, these fasciculate ribs are always confined to the anterior 
part of the shell, and in a progressive phylogenetic development, become more and 
more restricted to the anterior area and to the area near the beak, never extending to 
the ventral margin in the medial part of the shell. 

In Glyptoactis, as has alrady been pointed out, the terraced ribs in their pro- 
gressive phylogenetic development become weaker in the beak area and look as though 
they were “pushed off” to the margin of the shell. 

The “anterior pustule or lateral,’ mentioned by Stewart in the original descrip- 
tion of Glyptoactis, may be present in other subgenera and, therefore, is not a 
diagnostic character of Glyptoactis. 


KEY TO THE SPECIES OF THE SUBGENUS GLYPTOACTIS FROM 
PALEOCENE AND EOCENE OF WESTERN NORTH AMERICA 


1 Ribs terraced in the antero-medial area 2 
Ribs terraced in the medial area only 3 
2 Ribs 30 keenae 
Ribs 21 memastersi 
3. Ribs 18; valve inflated, with full umbo marksi 
Ribs 17; valve less inflated, pointed umbo domenginica 


Venericardia (Glyptoactis) keenae Verastegui, n. sp. 
Plate 1, figures 1-5 


Description —Shell small, cordate-subquadrate in outline, anterior and ventral 
margins broadly rounded, the posterior truncated and the dorsal margin slightly 
arcuate; umbo strongly convex with the most prominent point above and slightly 
anterior to the mid-point of the disk; posterior area sharply delineated by a change 
in sculpture and radially depressed; beak prosogyrate, low and compact. Sculpture 
distinct, consisting of 30 ribs persistent throughout the entire surface of the shell; 
of these, the 4 anterior ribs crowded, thin, faintly fasciculate, (slightly terraced) ; 
the next 14 ribs conspicuously terraced, so that they appear to be tripartite with a 
central crest bordered on each side by smaller riblets (the central crest beaded with 
light funnel-shaped tubercules not discernible upon ribs of the uumbonal area) ; the 
succeeding 4 ribs with a terraced face only on the posterior side; posterior area with 
4 crowded V-shaped ribs; the remaining 4 ribs a little wider, with riblets on the 
posterior side. Interspaces at the anterior and posterior portions V-shaped; in the 
medial area, with deep U-shaped channels. Incrementals fine and sharp, more notice- 
able on the posterior area of the adult shell. Lunule small, distinctly convex, 
bounded by an incised lateral groove which in the left valve ends ventrally, with the 
walls of the trough forming a knob (the anterior pustule of Stewart). Escutcheon 
slightly discernible, bordered below by a cord. Ligamental groove narrowly incised. 
Nymph narrow and elongate. Ligamental pit not evident. Hinge plate low and 
short with a straight ventral border; dentition of the left valve consists of a nearly 
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trigono-pyramidal anterior cardinal (2), isolated from the lunular plate; and a 
thin posterior cardinal (4b) broadens toward the ventral end. Pedal muscle scar 
small and shallowly incised; adductor muscle scars moderately incised, pallial line 
entire and remote from the ventral margin. Inner margins crenulate. 

Dimensions of holotype-——Height, 34 mm., length, 34.5 mm.; convexity, 
13.5 mm. 

Holotype.—Left valve: Stanford Univ. Paleo. Type Coll., No. 7993; collector, 
S. W. Muller. 

Type locality—Stanford- Univ. loc. 2073; road cut, just south of the middle of 
section line between sec. 20 and 29, in sec. 29, T. 15 S., R. 12 E., opposite junction 
of Panoche and Silver creeks, Panoche Quad., Fresno Co., California. 

Stratigraphic position—Base of Lodo formation. Paleocene. 

Discussion.—F enericardia keenae is interesting for its apparent resemblance to 
I’. alticostata (Conrad). J’. keenae differs from J’. alticostata by having a few more 
tibs and by the less ornate sculpture. The two species have a similar outline and 
the same pattern of scultpure on the posterior portion, which is characterized by 
V-shaped radials. The holotype of J’. alticostata is described from Gosport sand, 
Alabama.” 

‘The noteworthy point is that in /’. keenae we have a representative of the 
alticostata stock which occurs in the Paleocene on the West Coast of North America, 
and J’. keenae may be regarded as the stem form of the Pacific Coast species of 
Gly ptoactis. 

The fossil is named in honor of Dr. Myra Keen, Curator of Paleontology at 
Stanford University, in grateful recogntion of the help and advice received through- 
out this investigation. 


Venericardia (Glyptoactis) mcmastersi Verastegui, n. sp. 
Plate 13, figures 2,3 


Description.—Shell small, quadrate in outline, anterior margin evenly rounded, 
the ventral slightly curved, the posterior distinctly truncated, making an angle of 
90° with the ventral margin; postero-ventral and postero-dorsal ends sharply rounded 
to subangular, accentuating the quadrate outline of the shell. Umbo strongly inflated, 
curved forward, prosogyrate, with beak placed at about the anterior one-fourth. 
Umbonal ridge, delimiting the posterior area, defined by the change in the coarseness 
of the ribs. Sculpture similar to that of ’. keenae, n. sp., consisting of 21 well- 
developed ribs; 4 simple crowded ribs on the anterior portion followed on the medial 
portion by g ribs definitely terraced on both sides; 8 ribs on the posterior area simple, 
V-shaped; the crest of the ribs bears fine nodes which are conspicuous on the ventral 
area of the valve. Interradials U-shaped. Incremental sculpture fine. Lunule 
small, semicordate, trending forward and downward, with deeply incised lunular 
groove. Escutcheon narrow. Hinge plate low and long, with an arched ventral 
margin. Nymph thin; ligamental pit inconspicuous. Dentition consisting of pustule- 


2 See for example, Harris, G. D., Bull. Amer. Paleont., vol. 6, No. 31, pp. 82-84, pl. 30, 
figs. 1-5, 1919. 
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like anterior left cardinal (2), broken off in the holotype; and a slender, long 
posterior cardinal (4b). Pallial line entire, closely placed to the margin. Inner 
margin strongly crenulate. 

Dimensions of holotype——Height, 17 mm.; length, 18 mm.; convexity, 8 mm. 

FHolotype.—Left valve: Stanford Uniy. Paleo. Type Coll., No. 8011; collector, 
C. Sternberg. 

Type locality —San Clemente Canyon, San Diego Co., California. 

Stratigraphic position —La Jolla formation. Middle Eocene. 

Discussion.—J enericardia memastersi is a representative of the subgenus Glypto- 
actis which has a world-wide distribution. ’. domenginica Vokes, supposedly of the 
same age, is closely related to J’. mcmastersi, but the latter has ribs more pro- 
nouncedly tripartite (terraced), has four more ribs, and a greater umbonal convexity. 
The superficial similarity of /’. natchitoches Harris from the Weches formation 
(middle Eocene of Texas) with I’. memastersi is striking. They are so closely 
related that by looking at the illustrations alone one would be inclined to regard 
them as conspecific. But upon further examination, it can be seen that I’. natchi- 
toches has only 14 ribs and is undoubtedly a different species. 

There is a suggestion that in the well-defined phylogenetic lineage of some 
venericards a progressive decrease in the number of ribs takes place in the progres- 
sively higher (younger) members of the lineage. This is shown by the Paleocene 
I’. keenae, with 30 ribs and the middle Eocene ’. memastersi which has only 21 
ribs. On the same basis it can be inferred that ’. domenginica with only 17 ribs 
occupies a still higher position in the lineage than )’. mcmastersi. 

The species is named in honor of J. H. McMasters, Chief Geologist of the 
Honolulu Oil Corporation. 


Venericardia (Glyptoactis) domenginica Vokes, 1939 
Plate 13, figure 1 


1939. Venericardia (Glyptoactis?) domenginica Vokes, New York Acad. Sci.. Annals, vol. 
38, p. 66, pt. 5, figs. 7-9. 


Holotype 15611; loc. A-1219; length, 24.5 mm.; altitude, 24.0 mm. 

Paratype 15612; loc. A-1003 (Pine Canyon, Mt. Diablo); length, 19.2 mm., 
altitude, 19.0 mm. 

Paratype 15613; loc. A-1003; leigth, 14.5 mm.; altitude, 14.1 mm. 


Original description—Shell small, moderately inflated, inequilateral, almost circular in 
outline; umbo small, high, prominent; lunule impressed; sculpture consisting of 17 radial, 
ridged strongly beaded ribs, separated by round-bottomed interspaces slightly more than 
half as wide as the ribs, the ribs being finer and closer together on the posterior portion of 
the valve; posterior cardinal of the hinge in the right valve long, slender, curved, the anterior 
cardinal in the left valve reduced to a small rugosity bounding the anterior end of the large 
central socket, with a well-defined anterior lateral pustule. 

Comparison—V. domenginica differs from the described western Eocene species referred 
to the Carditidae in size, shape, and character of the ribbing. It finds its nearest analogue in 
the group of V’. acuticostata in the Lutetian-Bartonian of France. 

These small species of Venericardia have not heretofore been studied in the California 
Eocene. Previous writers have apparently considered them to represent immature individuals 
of the larger described species, here referrel to the genus Megacardita Sacco. They differ 
from these in possessing a well-developed anterior lateral tooth. Forms similar to V, 
domenginica have been found in the collections from the type Tejon, the Llajas formation, and 
the vicinity of Mount Diablo.—[Vokes, 1939, p. 66.] 
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Discussion.—In his original description Vokes questioned the placing of the 
species ]’. domenginica in the subgenus Glyptoactis. “The restudy of the type shows, 
however, that J’. domenginica possesses the diagnostic characters of Glyptoactis and, 
therefore, without doubt belongs to that subgenus. 

No new material was available during the present study and the inclusion of 
the original description and illustration in this report is made for the sake of full 
coverage of all the venericard species of the Pacific Coast of North America. 


Venericardia (Glyptoactis) marksi Verastegui, n. sp. 
Plate 19, figures 2-4 

Description.—Shell small, thin, outline subcircular, the anterior and ventral 
margins evenly rounded, the postero-ventral truncated, the postero-dorsal slightly 
arched. Umbo fairly convex, prominent, with the greater inflation in the middle 
of the disk; beak prosogyrate, heavy, full, placed at about the anterior two-fifths. 
Sculpture consists of 18 ribs strongly ornamented by fine closely spaced beads along 
the crests; of these, the 5 in the anterior area thin, simple, separated by wide U- 
shaped interspaces twice as wide as the ribs; the 8 medial ribs simple in the early 
umbonal area, but become terraced (tripartite) in the mature part of the shell; 
interspaces wide, U-shaped; the 5 ribs on the posterior area closely spaced and thin 
with interspaces V-shaped; incrementals fine, more visible on the flat-bottomed 
interspaces. Lunule small, convex. Escutcheon wanting. Hinge rather high for 
the subgenus; dentition of the right valve consists of a small anterior cardinal (3a), 
a cuneate long medial cardinal (3b), and a slender posterior cardinal (5b). Interior 
of the holotype concealed by matrix except for the inner margin, which is strongly 
crenulate. 

Dimensions of holotype.—Height, 20 mm.; length, 18 mm.; convexity, 9 mm. 

FHolotype.—Right valve: Stanford Uniy. Paleo. Type Coll., No. 8021; col- 
lector, J. Marks. 

Type locality —Stanford Univ. loc. 183, east side of Live Oak Canyon, 
Kern Co., California. 

Stratigraphic position Live Oak member of Tejon formation, 1,760 feet 
above base and 210 feet below top. Upper Eocene. 

Discussion.—V enericardia marksi, from the type locality of the Tejon forma- 
tion, California, is probably a descendant of J’. domenginica Vokes. ‘These two 
species are closely related but /’. marksi can be readily distinguished from /’. dom- 
enginica by its heavier and less pointed beak, by its circular outline, and by the 
greater convexity of the shell. 

I’. marksi appears to be the last member of the Glyptoactis stock on the Pacific 
Coast of North America. 

The advanced phylogenetic stage of this species is indicated by almost complete 
loss of the fasciculate ribs. Only vestiges of terraced ribs can be observed near the 
margins of the J’. (G.) marks in which respect it resembles the type species /’. (G.) 
hadra Dall. 

This species is dedicated to Dr. Jay Glenn Marks in recognition of his work in 
the type Tejon area. 
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Subgenus VENERICOR Stewart, 1930 


1930. Venericor Stewart, Gabb’s California Cretaceous and Tertiary Type Lamellibranchs, 
Acad. Nat. Sci. Philadelphia, Spec. Publ. 3, p. 153. 


Type species by original designation: Venericardia planicosta Lamarck (Eocene of the 
Paris Basin and of the Bracklesham beds of England). 


Shell large, heavy, its apparent inflation increased by the thickness of the shell. Outline 
trigonocordate, strikingly cordate in the profile of the double valves. Umbones inflated, turned 
inward and forward, that of the right valve a little higher and fuller than the left, placed 
well forward. Lunule narrow, deep, slightly wider in the right valve than in the left and 
deeper in the left valve than in the right, delimited by a groove that strongly dents tie 
inner margin. Escutcheon not defined. Anterior extremity short, rounding obliquely into the 
upcurved base; posterior lateral margin obscurely truncate. Posterior area indicated by the 
obtuse flattening of the shell and a change in the character of the radial sculpture. Radials 
26 on the antero-medial portion of the left valve, possibly 1 more on the right and 7 on the 
posterior area; the earliest ribbing very narrow, sharply crested and finely crenate, the 
adolescent and early adult ribs on the anteromedial portion simple, flat-topped and_ slightly 
wider than the U-shaped channels that separate them; the ribs upon the posterior area 
harrow, crenate, and crowded; radial sculpture overrun by the incremental toward the 
margins of the adult shell, most persistent anteriorly; no trace of lateral cording but a slight 
tendency toward an undercutting of the ribs discernible. Ligament deeply inset, marginal, 
tmounted on heavy nymphs. Hinge plate high, trigonal. A short thin laminar anterior 
cardinal, a heavy, somewhat scimitar-shaped medial cardinal, and a laminar posterior cardinal 
produced along the inner margin of the nymph in the right valve; a short anterior and 
produced posterior cardinal, both of them moderately heavy and separated by a deep and 
obliquely produced ligament pit, in the left valve. Inner surface thickened over the area of 
the adherent mantle. Pedal pit very deep. Anterior adductor scar also very deep and 
obliquely produced; posterior scar broader, not quite so deep. Pallial line ragged and rather 
far removed from the deeply crenate inner margins. 

The description is based on the subgenotype, U.S. National Museum, No. 12704 (pl. 35, 
figs. 1,2; pl. 36, figs. 5,6), from Grignon, in the Paris Basin, the locality from which 
Lamarck received his type material for the species. 

Specimens in our collection from the Bracklesham beds of Selsey, Sussex, differ from 
those from the Paris Basin in the higher, more anterior beaks, higher hinge plates, slightly 
lower rib count, and less persistent ribbing.—[Gardner and Bowles, 1939, p. 168.] 


KEY TO THE SPECIES OF THE SUBGENUS VENERICOR FROM 
PALEOCENE AND EOCENE OF WESTERN NORTH AMERICA 


1 Ratio of height to length greater than 1; postero-ventral truncate venturensis 
Ratio of height to length less than 1; postero-ventral margin elongate — simiana 


Venericardia (Venericor) venturensis Waring, 1917 
Plate 3, figures 1-4; Plate 4, figure 5 


1917. Venericardia planicosta venturensis Waring, California Acad, Sci., Proc, ser. 4, 
vol. 7, No. 4, p. 80, pl. x11, figs. 6, 7, and 9 only. 

1925. WVenericardia venturensis Waring, Hanna, Uniy. California Publ. Bull. Dept. Geol. 
Sci., vol. 15, No. 8, p. 284, pl. 37, figs. 1-4. - 

1930. Venericardia venturensis Waring, Stewart, Acad. Nat. Sci. Philadelphia, Spec. Publ. 
No. 3, p. 165. 

1950. Veena Ps emiunendis Waring, Schenck and Keen, California Fossils for the Field 
Geologist, pl. 19, fig. 5. (Refigured holotype). 


Shell large, thick, cordate, deeply convex, altitude greater than the length; beaks large, 
turned forward, nearly touching; lunule small; anterior cardinal margin deeply excavated in 
angle; posterior cardinal margin deeply grooved and broadly convex; posterior margin 
convexly truncate; surface ornamented by 25-30 large, square shouldered ibs, which are 
strong clear to the margins, with deep squared interspaces; posterior ribs narrow and 
indistinct; entire surface marked by wrinkled lines of growth. Locality 4, L.S.J. U. Pal. Coll. 

This subspecies exhibits characteristics different from any of this genus previously found 
ou the Pacific Coast. It is probably characteristic of the Martinez, or lower Eocene. It 
resembles very closely V’. planicosta Harris from the Midway of Alabama and Georgia. 

Its chief distinguishing features are the prominent truncation of the submargins, narrow- 
ness and squareness of ribs compared with the later forms, and a nearly constant relation 
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between the altitude and length, the former being slightly greater. It is readily distinguished 
from that in the Tejon, or Upper Eocene A typical specimen of V’. planicosta venturensis 
measures 73 mm. in height and 67 mm. in length, while a similarly perfect specimen of V. 
planicosta hornii measures 82 mm. in height and roo mm. in length.—[ Waring, 1917, p- 80. ] 


Supplementary description.—Shell large, thick, cordate, umbos highly convex 
and curved forward; posterior region defined by a marked change in character of 
sculpture, and by a distinct change in the direction of the slope; beaks at about 
one-fifth the length of the shell. Lunule deeply sunken, large, bordered by an 
incised lunular groove in the left valye ending below in a pustule corresponding to a 
depression in the right valve; right part of the lunule one-third larger than the left. 
Sculpture consists of 26 to 28 ribs persistent to the margins; in the antero-medial 
area 20 ribs, V-shaped in the early stage, flat-topped and T-shaped at maturity; in 
the same area interradials change from V-shaped at the beaks to U-shaped with 
overhanging rims, tending to constrict the interradials; in the posterior area 8 to 9 
ribs crowded, separated by linear interspaces, the 3 or 4 ribs nearest the posterior 
dorsal margin noticeably broaden away from the beaks, the others remain thin and 
cordlike. Incrementals faint, wrinkled, cover the whole surface, but anteriorly 
thicken at the intersection with radials, giving them a nodose appearance. Escutcheon 
present. Ligament opisthodetic. Nymph narrow and elongated. Ligamental pit 
shallow. Hinge plate heavy, long and low, ventral margin sinuous; dentition in the 
right valve a small anterior laminar cardinal (3a), a massive subcuneate middle 
cardinal (3b) curved forward, and a short thin laminar posterior cardinal (5b). 
Left valve with a small trigonal tooth (2) pointing up and forward and a high 
thin posterior cardinal (4b). Pedal and adductor muscle scars strongly incised. 
Pallial line entire, at a normal distance from the margin. Inner margin strongly 
crenulate. 

Dimensions of holotype-—Height, 73 mm.; length, 67 mm.; convexity, 59 mm. 

FHolotype.—Right and left valves of a single individual: Stanford Univ. Paleo. 
Type Coll., No. 159; collector, B. F. Parsons. 

Hy potypes.—Stanford Univ. Paleo. Type Coll., Nos. 7998, 7999, 8000. 

Type locality —Stanford Univ. loc. 2697, 3 miles ENE. of Simi Peak near 
head of east fork of Las Virgenes Canyon, Simi Hills, Camulos Quad., Ventura Co., 
California. 

Stratigraphic position.—‘Martinez. marine member” of Nelson. Paleocene. 

Discussion—The general outline of JV enericardia venturensis, the umbonal 
inflation, the flattened ribs, the pattern of the hinge, and the presence of the escutche- 
onal cord, are the characteristics which indicate that /’. venturensis belongs to the 
subgenus ’enericor. ‘This species and J’. simiana, n. sp., obtained from the same 
assemblage, are the only members of the subgenus which are known from the 
Paleocene and Eocene of western North America. 

V’. venturensis was thought by Waring® to resemble /’. planicosta of Harris, 
known now as J’. mediaplata Gardner and Bowles, but the ration of height to length 
in I’. venturensis is reverse to that in J’. mediaplata. On the other hand, I’. simiana, 


% Waring, C. A.: Stratigraphic and faunal relation of the Martinez to the Chico and Tejon 
of southern California, California Acad.. Sci., Proc., ser. 4, vol. 7, No. 4, p. 80, 1917. 
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from the same faunule as /’. venturensis, appears to be closely related to I’. media- 
plata, and this fact probably accounts for the misinterpretation which was made of 
it by various authors. 

I’. venturensis may be related to I’. regia Conrad of the Aquia formation, 
Maryland’. ‘The sculpture pattern in both species is strikingly similar, although 
the nodose aspect on the umbo does not appear in the western form. Unfortunately 
specimens of J’. regia were not available for study but the published figures suggest 
that the two species may belong to the same phylogenetic line. 

Dickerson? mentioned that ]’. venturensis has prominent nodes with strong 
V-shaped ribs, but this again appears to be a misrepresentation due to the confusion 
of I’. venturensis with J’. transversaria, n. sp., a species which was contemporaneous 
with /’. venturensis. 

I’. venturensis is found at Univ. Cal. loc. A-432, Lower California. This 
find is interesting to note, since a part of the section of the undifferentiated 
Paleocene-Eocene of Lower California may be correlated with the “Martinez 
marine member” of Nelson. 


Venericardia (Venericor) simiana Verastegui, n. sp. 
Plate 4, figures 1-4 


1917. Venericardia planicosta venturensis Waring, California Acad. Sci., Proc., ser. 4, vol. 7, 
No. 4, p. 80, pl. 11, fig. 8 only. 

Shell large, thick, cordate in outline, anterior margin broadly rounded, the 
ventral gently curved, sharply rounded at the postero-ventral end, passing into 
truncated posterior; umbones slightly convex; posterior area set off both by the 
umbonal ridge and by the difference in sculpture; beaks low, at about the anterior 
one-fourth. Ribs 28-30; 19 in the antero-medial area persistent, V-shaped at beaks 
flat-topped throughout the surface of the disk and separated by U-shaped interspaces; 
posterior area with 9 cordlike ribs crowded, separated by narrow U-shaped inter- 
radials. Lunule deeply set, convex, pointing downward and backward, bordered 
anteriorly by a lunular groove; in the left valve the lunular groove ends in a pustule 
corresponding to a small depression on the right valve. Escutcheon not defined. 
Wide ligamental groove and elongated nymph, with a deep triangular ligamental 
pit at its anterior end. Hinge heavy, low, long, with a distinctly sinuous basal 
margin; dentition strong and prominent; right anterior cardinal (3a) laminar, 
vertical, minute; a middle cardinal (3b) curved, scimitar-like, with a dorsal 
edge sharply grooved ventrally; posterior cardinal (5b) thin, almost undifferentiated ; 
paratype No. 8002 with an elongate, cuneate left anterior cardinal (2) and a high, 
thin, posterior cardinal (4b). Pedal scars small; adductor muscle scars concealed 
by matrix in all specimens examined; pallial line remote from the strongly crenulate 


margin. 


Stewart, R. B.: Gabb’s California Cretaceous and Tertiary type lamellibranchs, Acad. Nat. 
Sci. Philadelphia, Spec. Publ. 3, p. 165, 1930. 


Dickerson, R. E.: Faunal relationship of the Meganos group, Jour. Geol., vol. 30, No. 4, 
Pp. 301, 1922. 
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Dimensions of holotype—Height (estimated), 65 mm.; length, 62 mm.; 
convexity, 25 mm.; paratype: height, 65 mm.; length, 69 mm.; semidiameter, 27 mm. 

Holotype.—Stanford Uniy. Paleo. Type Coll. No. 8001; collector, Stanford 
Geol. Survey, 1910. 

Paratype.—Stanford Univ. Paleo Type Coll., No. 8002. 

Type locality.—Stanford loc. No. 2697, Simi Hills at head of Las Virgenes 
Canyon, Calabasas Quad., Ventura Co., California. 

Stratigraphic position — ‘Martinez marine member” of Nelson, Martinez group. 
Paleocene. 

Discussion.—I. simiana is most closely related to I’. mediaplata from the 
Midway formation of Wilcox County, Alabama, but /’. mediaplata is less elongated 
in shape and its medial cardinal (3b) is not so wide at the base. 

I’. simiana is distinct from J’. venturensis. ‘The former is longer than high, 
whereas J’. venturensis is higher than long and is more convex than |’. simiana. ‘The 
umbo in J’. venturensis is conspicuously high as contrasted with a low umbo in J’. 
simiana. 

Among the original material illustrated by Waring as J’. venturensis the 
specimen pl. 11, fig. 8, shows all the characteristic features of J’. simiana and, 
therefore, should be classified as belonging to that species. 

Outside of Simi Hills area /’. simiana is found in Stanford Univ. loc. No. 460, 
Panoche Hills, Fresno County, California. 


Subgenus LEUROACTIS Stewart, 1930 


1930. Leuroactis Stewart, Gabb’s California Cretaceous and Tertiary Type lamellibranchs, 
Acad. Nat. Sci. Philadelphia, Spec. Publ. 3, p. 154, 160. 


Type species by original designation: Venericardia pilsbryi Stewart, lower Wilcox 
(Nanafalia and Tuscahoma formations) of Alabama. 


The subgenus Leuroactis as a section under subgenus J’enericor was first 
recognized by Stewart in 1930. Gardner and Bowles in 1939 followed this arrange- 
ment but did not employ the name in the systematic description except as the heading 
of the chapter dealing with this systematic unit. 

As neither “Section” nor “Group” have a legal status in the International 
Rules of Zoological Nomenclature, it is preferred to treat Leuroactis as a subgenus. 

Leuroactis was introduced by Steward in 1930 as follows: 


An apparently new species is described from Yellow Bluff (Wilcox) which is believed 
to be related to ’. horatiana rather to V’. planicosta, and these two species are given a new 
section name Leuroactis——Stewart, p. 154, 1930. 

The short straight right cardinal of V’. pilsbryi resembles the corresponding tooth in the 
hinge of V’. horatiana, and the species seem more closely related to that species than to /. 
planicosta and its allies. In V’. planicosta the right cardinal curves antero-dorsally. The 
difference is best shown in immature specimens (25 to 50 millimeters in length), and there 
also the resemblance to ’. horatiana may be seen. While this difference is not very great it 
indicates that V’. pilsbryi is off the main stem of IV’. planicosta. The new section name 
Leuroactis is here proposed, with V’. pilsbryi as type species. V. horatiana and its Pacific 
relative V’. aragonia are placed in this section because they have the straight right cardinal. 
While all the adult specimens of /’. pilsbryi have the straight cardinal, the character is not 
so well marked on some of the large specimens of I’. horatiana particularly when compared 
to the hinge of large specimens of /’. regia, which appears to belong with V’. planicosta in 
Venericor. V. pilsbryi has the most unique hinge, while that of V’. horatiana approaches the 
hinge of Venericor.—[Stewart, 1930, p. 160.] 


443 N. Amer. PALEOCENE, EOCENE VENERICARDIA: VERASTEGUI 49 


On the Pacific side of North America, the subgenus Leuroactis is represented 
by nine species, whereas only two species of this subgenus are known from the Gulf 
province and three from Peru. The abundance of species on the West Coast 
furnishes ample material for a critical study of Leuwroactis and permits a more com- 
prehensive diagnosis of the subgeneric characters. 

In the revised sense the subgenus Lewroactis includes species which possess the 
following morphological character: 

Shell large, thick, moderately convex, outline subcircular to subtrigonal; anterior 
margin attenuate or sharply rounded passing gradually into gently curved to almost 
straight ventral margin; postero-ventral margin curving abruptly into broadly 
rounded postero-dorsal margin. Position of beak at the anterior one-fifth to one- 
third. Radial ribs in different species vary from 17 to 39. 

The distinctive feature of the ornamentation is the progressive change in the 
character of individual ribs when followed from the beak to the outer margin. ‘The 
ribs are sharply angular up to about 5 mm. from the beak, then become flat-topped 
for the next 1 to 3 cm., after which they gradually become broadly rounded. Near 
the margin of the shell, ribs tend to become obsolete, as for example, in the extreme 
case of Venericardia merriami Dickerson. Along with the morphological develop- 
ment of ribs, from the beak outward, there is a corresponding change in the 
interradials. In the part of the shell where the ribs are angular, the interradials are 
V-shaped, and where they become flat-topped, the interspaces are narrow and 
U-shaped. As the ribs become broadly rounded, the interradials narrow down to 
linear incisions and gradually become completely overshadowed by the wavy growth 
lines or incrementals. Lunule cordate, deeply incised. Escutcheon present, well 
defined by the escutcheonal cord. Hinge plate high and short. Dentition very 
distinctive, characterized by the straight medial cardinal (3b) which may vary in 
shape from narrow to broadly triangular. Inner features of the shell normal, not 
differing from other venericards except for the fact that the inner margins are 
invariably crenulate. 


KEY TO THE SPECIES OF SUBGENUS LEUROACTIS FROM 
PALEOCENE AND EOCENE OF WESTERN NORTH AMERICA 


I Ribs on the anterior area tripartite; noded aragonia 
Ribs not tripartite 2 
2 (1) Ribs persistent almost throughout (on at least 9/10 
of the shell) schencki 
Ribs obsolete almost throughout (on at least 9/10 of the shell) 3 
3 (2) Nymphal plate alate; ventral margin of hinge concave at 
posterior end 4 
Nymphal plate not alate; margin of the hinge not concave 6 
4 (3) Lunule (right valve) sloping backward crescentensis 
Lunule (right valve) sloping forward or vertical 5 
5 (4) Medial cardinal (3b) trigonal alisoensis 
Medial cardinal (3b) subcuneate (bluntly truncated) merriami 
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6 (3) Medial (3b) trigonal with wide base, large 7 
Medial cardinal (3b) cuneate, elongated 8 

7 (6) Antero-dorsal margin broadly and evenly rounded, 
22 to 24 ribs joaquinensis 
Antero-dorsal margin sharply rounded to subangular, 21 ribs popenoet 
8 (6) Shell elongate postero-ventrally, 22 ribs vokesi 
Shell trigono-subquadrate, 24 ribs smileyi 


Venericardia (Leuroactis) schencki Verastegui, n. sp. 


Plate 4, figures 6-8 


Shell large, thick, umbo narrow, convex, elongated diagonally and twisted 
forward; anterior margin evenly rounded, ventral margin slightly curved, posterior 
margin truncate; beak prosogyrate, at about the anterior one-third. Ribs 23, 
broadly rounded in the adult, in the young stage flat-topped, separated by narrow 
U-shaped interradials gradually becoming linear incisions; 16 ribs on the antero- 
medial portion, 7 compressed cordlike ribs on the posterior area, those nearest the 
posterior margin less discernible. Incrementals faint, distinctly wavy about 3 cm. 
from the beak become more sharply defined and threadlike near the ventral margin. 
Lunule deeply inset, convex, bordered by a deeply incised lunular groove. Escutcheon 
present. Ligamental groove well defined. Hinge plate very short and high with a 
straight ventral margin. Anterior cardinal (3a) broken in holotype but apparently 
placed vertically; socket (2’) unusually deep, almost vertical, curving forward; 
medial cardinal (3b) very prominent, somewhat twisted forward, with a short basal 
margin and a knife-edged upper end; socket (4b’) narrow, deep throughout its 
length; posterior cardinal (5b) wanting. Interior not well preserved; pedal muscle 
scar shallow; adductor muscle scars deeply incised; pallial line distant from the 
margin. Inner margin distinctly crenulate. 

Dimensions of holotype-—Height, 74 mm.; length (estimated), 75 mm.; con- 
vexity, 25 mm. 

Holotype-—Right valve: Stanford Univ. Paleo. Type Coll., No. 8003; col- 
lector, Stanford Geological Survey, 1920. 

Type locality—About 2 miles northeast of Simi Peak, Simi Hills, Camulos 
Quad., Ventura Co., California. 

Stratigraphic position —Santa Susana shale. Lower Eocene. 

Discussion——The presence of Venericardia schencki is perhaps the most in- 
teresting discovery among the northwestern American venericards. ‘This species 
may represent the basal stem of the subgenus Leuwroactis on the Pacific Coast, just 
as I’. pilsbryi Stewart appears to be the ancestor of that group in the Gulf Coast 
and /’. pacifica Olsson in the lower Eocene of northwestern Peru. These forms 
are not closely related, but in the general aspect one may see certain similarities 
between them. They all possess a straight cardinal tooth (3b) and have similar 
scultpure. In the eastern and Peruvian forms, the shape of the radials and inter- 
radials is strikingly similar to those of /’. schencki, despite the greater number of 
ribs, 35 in Il’. pilsbryi and 32 in I’. pacifica. 
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No other Venericardia belonging to Leuroactis and related to V’. schencki has 
been described from the Paleocene of America. The sudden appearance of the three 
forms, |’. pilsbryi, ’. pacifica, and I’. schencki in the lower Eocene of the American 
continents remains an open problem. Gardner and Bowles (1939) said of I’. pilsbryi 
that, “Apparently it arose from some ancestor common with the mediaplata stock 
but probably left the main strain prior to Midway time.” The origin of the Pacific 
Coast form /’. schencki, the analogue of J’. pilsbryi, is equally uncertain although 
the present study reveals that /’. simiana, the Pacific Coast analogue of I’. media- 
plata, is only distantly (if at all) related to I’. schencki. 


V’. schencki being the earliest representative of the Leuroactis clan in the early 
lower Eocene of the Pacific Coast is probably an allochthonous form of the North 
Pacific fauna. It is of interest to note that Il’. schencki and J’. pilsbry1 occur ap- 
proximately at the same stratigraphic position (lower Eocene) and their kinship 
to V’. pacifica may bear on dating of the Salina formation of northwestern Peru. 


Venericardia (Leuroactis) crescentensis Weaver and Palmer, 1922 


Plate 6, figures 1-3 


1922. Venericardia crescentensis Weaver and Palmer, Univ. Washington Publ. Geol., vol. 1, 
No. 3, pp. 19-20, pl. 9. 

1925. Venericardia crescentensis Weaver and Palmer, Hanna, Uniy. California Publ. Geol. 
Sci., Bull., vol. 15, No. 8, p. 289, pl. 36, fig. 5. 

1943. Venericardia crescentensis Weaver and Palmer, Weaver. Univ. Washington Publ. 
Geol., vol. 5, part 1, pp. 137-138, pl. 32, figs. 8-9; pl. 33, figs. 1-2; pl. 38, fig. 7. 


Original description Shell small and subquadrate in outline; posterior dorsal line 
straight, slightly oblique; posterior margin straight, extending almost at a right angle to the 
dorsal margin and abruptly passing into the ventral margin which curves slightly to the 
anterior end; anterior moderately produced; surface ornamented with 22 wide, flat-topped, 
radiating ribs with interspaces about one-third of the width of the ribs; on the posterior 
dorsal region the ribs become narrower and the interspaces wider; an umbonal ridge extends 
from the beaks to the posterior ventral point. 


Dimensions —Length, 15 mm.; height, 12 mm.; thickness, 10 mm. 
Occurrence.—At locality 358 (Univ. Wash. Paleo. Coll.) at Joice Station, one-fourth of 


a mile east of Tongue Point railroad, Port Crescent, Clallam County, Section 22, Township 
31 North, Range 8 West.—[Weaver and Palmer, 1922, p. 19.] 

Supplementary description—(Based upon hypotype Univ. Cal. No, 30196). 
Extremely large shell measuring about 100 mm. in height; beak placed at about the 
anterior one-fourth. Sculpture consisting of 22 ribs; 16 ribs on the antero-medial 
portion, extending to the second annual ring (approximately 30 mm.), the fine 
concentric incrementals override the whole surface beyond and become coarse toward 
the margin of the shell; in the posterior area 6 to 7 ribs discernible, reaching the 
ventral-posterior margin. Lunule elongate, rather convex, bordered by a distinct 
lunular groove. Hinge plate high and short, its ventral margin characteristically 
concave in the posterior end. Nymph conspicuously alate, projecting from a short 
and wide nymphal body. Dentition strong, in harmony with the ponderous size 
of the shell; laminar right anterior cardinal (3a) long, placed on the posterior 
border of the lunular plate; medial cardinal (3b) unusually pronounced, cuneate, 
sharply edged, slightly curving forward and transversely depressed on the antero- 
ventral margin; posterior cardinal (5b) long and narrow, placed on the anterior 
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border or base of the nymphal body. Pedal and adductor muscle scars, as well as 
pallial line, deeply incised. Inner margins smooth to faintly crenulate. 

Dimensions of hypotype—Right valve, Univ. Cal. Invert. Pal. Type Coll., 
No. 30196; height, 100 mm.; length, 112 mm.; convexity 37 mm. 

Holotype.—Right valve: Univ. Wash., No. 170. (Cal. Acad. Sci. Type Coll., 
No. 7433.) 

Type locality —Univ. Wash. loc. 358, a quarter of a mile east of Tongue 
Point, Crescent Bay, Clallam Co., Washington, sec. 22, T. 21 N., R. 8 W. 

Stratigraphic position —Crescent formation. Lower Eocene. 

Discussion —The original description of /’enericardia crescentensis was based 
upon a specimen of a young individual. The supplementary description given here 
is based on a very large hypotype, a specimen which was figured by Weaver in 
1942. This specimen is the largest of all the venericards from the North Pacific 
Coast that have been examined during this investigation. 

V’. crescentensis appears to be a distinct offshoot of the main phylogenetic 
line of the subgenus Lewroactis. It is characterized by the heaviness of the hinge 
with deep sockets to accommodate the large teeth; by the nymphal plate which is 
distinctly alate and protruding on the postero-dorsal margin, and lastly, by the con- 
cavity of the postero-ventral margin of the hinge. 

It is to be noted that a direct correlation appears to exist between the strength 
of the posterior concavity in the ventral margin of the hinge plate and the degree 
of alation of the nymphal plate. The stronger the concavity of the hinge, the more 
pronounced is the winglike structure on the nymphal plate. ‘These morphological 
characters are static as they show no perceptible trend or change through the 
stratigraphic range of the species. 

These two characters are developed to a high degree in J’. crescentensis, I’. 
merriami Dickerson, and J’. alisoensis, n.sp., and may be justly regarded as true 
phylogentic characters uniting these three West Coast species in a distinct lineage 
or stock. No representativees of this stock have been as yet recognized outside of 
western North America. 


Venericardia (Leuroactis) alisoensis Verastegui, n. sp. 
Plate 10, figures 1-3 


Description.—Shell large, thick, subquadrate in outline, the anterior margin 
sharply rounded, the ventral only slightly curved, passing through an evenly rounded 
postero-ventral part into a truncate posterior margin. Umbo somewhat flat, with 
low, prosogyrate beak. Sculpture (badly preserved in the holotype) consists of 24 
rounded ribs, 16 on the antero-medial portion, 8 on the posterior area; interradials 
linear; both ribs and interradials lose their sharpness and become obsolete at diameter 
of 40 mm.; fine wavy incrementals cover the disk. Lunule small, deeply inset; 
lunular groove almost vertical with lower end slightly pointing backward. Escut- 
cheon not well preserved. Hinge low and short, its basal margin sinuous and con- 
cave at the posterior end. Ligamental groove and pit shallowly incised; nymph 
alate as in /’. merriami Dickerson, projecting toward the dorsal margin; dentition 
strong, consisting of a laminar right cardinal (3a); a medial cardinal (3b) cuneate, 


447 N. Amer. PALEOCENE, EocENE VENERICARDIA: VERASTEGUI 53 


trigonal, with a wide basal margin and thin upper end; and a posterior right cardinal 
(5b) cordlike, standing out on the anterior border of the alate nymphal plate. On 
the holotype only the shallowly incised pedal and anterior adductor muscle scars 
preserved. 

Dimension of holotype. 


Length (estimated), 99 mm.; convexity 27 mm. 

Holotype—Right valve: Univ. Cal. Invert. Pal. Type Coll. 30176; collector, 
R. B. Stewart. 

Type locality—Uniy. Cal. loc. 7019, west side of Aliso Canyon (West) beds 
striking northwest and dipping west. Fossils occur in narrow lenses. Elev. 1,820 
teet, Los Angeles Co., California. 

Stratigraphic position —Llajas formation. Middle Eocene. 

Discussion—The holotype of Venericardia alisoensis unfortunately is an 
incomplete specimen. The species appears to be closely related to /’. merriami 
Dickerson of Oregon by having a low beak, small umbonal convexity, the same 
general pattern of the hinge plate and, above all, the same type of alate nymphal 
plate. They differ, however, in the character of ornamentation and the two species 
can also be separated by the fact that J’. alisoensis has a triangular medial whereas 
in I’. merriami the medial cardinal is only subcuneate with a blunt upper end. 
Furthermore, in /’. merriami the radial ribs become obsolete sooner, within the 
first 10 mm. from the beak, and most of the shell shows only fine concentric in- 
crementals. In J’. alisoensis the radial sculpture persists to approximately 40 mm. 
from the beak. 


Venericardia (Leuroactis) merriami Dickerson, 1914 
Plate 8, figures 1-7 


rq14b. Venericardia eee merriami Dickerson, n. subsp., (partim), California Acad. 
Sci. Proc., ser. 4, vol. p. 118, pl. 11, fig. ra (only). 

1925. Venericardia ionensis Waring, Hanna, Uniy. California Publ. Dept. Geol. Sci., Bull. 
vol. 15, pp. 284-285, pl. 36, figs. 4, 6, and g (only), (Not V. ionensis Waring = V. ara- 
gonia Arnold and Hannibal.) 

1929. Venericardia ionensis Waring, Clark, Stratigraphy and Faunal Horizons of the Coast 
Ranges of California, pl. 3, fig. 13. 

1943. Venericardia aragonia Arnold and Hannibal; Weaver, Uniy. Washington Publ. Geol., 
Vole 5) 1p: 137 pl. 32, fig. 3) and fig: 6 (only). 


Original description—This subspecies of V. planicosta is apparently the end member of 
an evolutionary series which begins with the typical V. planicosta in the Martinez, the Lower 
Eocene group of California. The middle member is V. planicosta hornii (Gabb) of the lower 
Tejon. This form in the adult stage lacks the marked radial ribbing of V. planicosta hornii 
(Gabb), and it is in general a higher form as well. The concentric ribbing of this form 
is much stronger than that of the lower Tejon subspecies. Young individuals, however, 
resemble the lower Tejon form so closely that one is not warranted in recognizing the 
subspecies upon the basis of the immature forms. 

Dimensions: Height 70 mm.; length 70 mm. 

This subspecies resembles /’. potapacoensis Clark & Martin, of the Maryland Eocene in 
that the radial ribbing in both forms is becoming obsolescent. They appear to differ in 
shape, however. The type, which is figured, is an extreme case of lack of radial ribbing. Other 
specimens associated with it at the same locality show fairly distinct ribbing in the neigh- 
horhood of the umbones. This species is one of the most characteristic forms of the Siphonalia 
sutterensis Zone. It occurs abundantly but poorly preserved at a University of California 
locality eight miles south of Ione, Amador County, California, at the O'Neill Sandstone Quarry, 
Sec. 27, T. 5 N., R. ro E., Mt. Diablo B. L. and M., in strata which were previously recognized 
as Ione. It is associated at this place with Meretrix hornii Gabb, Turritella  merriami 
Dickerson, and a few other species. This fauna proves the Ione to be only a facies of the 
Tejon Eocene. 
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Type—No. 241, and cotype, No 242, Cal. Acad. Sci. Locality 25, Roseburg Quadrangle, 
Oregon, near the center of Sec. 19, T. 26S., R. 3 W., on the east bank of Little River, at 
its confluence with the Umpqua, underneath the bridge at that point. 

Named in honor of Professor J. C. Merriam of the University of California.—[Dickerson, 
1914, p. 118.] 


Revised description—Shell medium to large, trigono-cordate in outline, anterior 
margin sharply rounded, the ventral almost straight, the postero-ventral attenuated, 
and the postero-dorsal broadly rounded. Umbones flattened especially on the disk; 
beaks low and prosogyrate; umbonal ridge distinct, delimiting the posterior area 
from the medial portion, the posterior area measured opposite the promontory in 
the nymphal plate making an angle or less than 90° with the axial plane of the shell. 
Sculpture consisting of 19 ribs less conspicuous than those of /’. aragonia Arnold 
& Hannibal; ribs apparently noded, somewhat flat-topped and simple on the frontal 
area; interradials narrow, U-shaped at the beaks, and linear and disappearing on 
the umbones, giving place to concentric incrementals covering most of the shell 
surface in a definite wavy pattern, faint at the beginning, and becoming coarse in 
the adult stage. Lunule deeply inset. Escutcheon present. Nymphal plate distinct, 
strongly alate, projecting toward the postero-dorsal margin; ligamental pit shallowly 
incised as a short groove placed at the anterior end of the nymph. Hinge plate high 
and short, bearing a characteristic Leuroactis dentition, consisting in the right valve 
of a small, laminar anterior cardinal (3a); an almost straight, subcuneate medial 
cardinal (3b) with a wide base, and a thin short posterior cardinal (5b) ; left valve 
with a conspicuous long thin anterior cardinal (2) and a thin, long, high posterior 
cardinal (4b), sloping toward the ventral margin of the hinge. Pedal and adductor 
muscle scars deeply incised; pallial line entire, normally placed. The inner margins 
fairly crenulate. 

Dimension of holotype—Height, 63 mm.; length 73 mm.; convexity 47 mm. 

Flolotype.—Right and left valves of a single individual: Cal. Acad. Sci. Type 
Coll., No. 241; collector, B. Martin. 

Type locality —Cal. Acad. Sci. loc. 25, Roseburg Quad., Douglas Co., Oregon. 

Stratigraphic position—Upper Umpqua formation. Lower Eocene. 

Discussion.—I enericardia merriami was defined as a subspecies of ’. planicosta 
by Dickerson in 1914. In 1925 Hanna concluded that ’. merriami was only a 
member of a gradational series within the limits of the species /’. ionensis Waring 
placed it in synonymy. Five years later, because of the priority, Stewart replaced the 
name fonensis by aragonia. Thus, since 1925 merriami was suppresed as a synonym 
first under ionensis and later under aragonia. 

A critical study of Dickerson’s holotype of I’. p. merriami reveals a number 
of important morphological characters which justify the reinstatement of /’. merriami 
as a distinct species. 

Several contrasting characters distinguish /’. merriami from I’. aragonia. These 
characters vary within certain limits in each of the species but the general pattern 
does not change. Specificially /’. merriami lacks tripartite frontal ribs, has less 
prosogyrate and much lower beaks and less inflated umbo, the angle between the 
posterior area and the axial plane of the shell is less than 90°, and lastly, /. merri- 
ami has less conspicuous ribs and a distinctly alate nymphal plate. The differentia- 
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tion of these two species is even more sharply marked in the young specimens, as 
is shown in Plates 8 and 9. One can see from the figures the twisted and higher 
beak of the immature /’. aragonia and the beaded character of its much more con- 
spicuous tripartite early ribs. he young individual which was figured by Dickerson 
as a paratype of merriami has all these diagnostic characters and, therefore, belongs 
to I’. aragonia. By contrast, the other immature specimens of /’. merriami show 
much lower and less prosogyrate beaks and have a weak or obsolete sculpture. 

IV’. crescentensis Weaver and Palmer, from the lower part of the Umpqua 
formation in Oregon, appears to be the ancestor of /’. merriami. The relationship 
of the two forms is manifested by the conspicuous alation of the nymphal plate. In 
California, /’. alisoensis, n. sp., from the Simi region seems to be closely related 
to the Oregon form, but the scarcity of material prevents an analysis of the degree 
of relationship. 


Venericardia (Leuroactis) smileyi (Vokes) 
Plate 10, figures 4,5 


1939. Megacardita (Venericor) aragonia (Arnold & Hannibal) smileyi Vokes, New York 
Acad. Sci., Annals, vol. 38, pp. 67-68, pl. 6, figs. 1-2 (only). (For fig. 3 see under 
Venericardia joaquinensis (Vokes).) 


Original description—Shell large, heavy, with prominent umbos; posterior broadly 
rounded from umbo to posterior ventral edge where quite angulate, the ventral margin 
broadly rounded to the anterior cardinal edge, the shell there rounding sharply to the 
straight anterior cardinal margin; lunule small, deeply impressed; escutcheon elongate, well 
developed; surface with 21 rounded subobsolete ribs separated by narrow linear interspaces, 
the posterior 5 ribs narrower and less well developed than those on the rest of the valve; 
right valve of the hinge with a large trigonal and curved cardinal; left valve with a small 
elongate anterior cardinal and an elongate curved posterior cardinal, the posterior cardinal 
broad ventrally. 

Comparison.—This subspecies may be distinquished from M. aragonia (Arnold & Han- 
nibal) by the stronger ribbing. In specimens of size equivalent to that of the holotype of the 
subspecies smileyi, the ribbing is totally obsolete. The large trigonal cardinal in the right 
valve of this subspecies also differs greatly from the narrow elongate cardinal in M. 
aragonia. The size of this cardinal is quite variable in the latter species, but in none of 
the specimens examined does it approach the size or the trigonal outline which is character- 
istic of the Coalinga subspecies. The details of the outline serve to separate this form 
from any of the other described species from the West Coast Eocene.—[ Vokes, 1939, p. 68.] 


Revised description.—Shell large, umbo gently convex, beak low, placed at 
about the anterior one-third, outline trigono-subquadrate, anterior margin sharply 
rounded, the ventral straight, the posterior straight, forming an angle of 70° with 
the ventral margin. Typical Lewroactis sculpture, consisting of 24 apparently 
rounded ribs, poorly preserved in the holotype; 16 ribs on the antero-medial portion 
wide, subobsolete beyond 60 mm. from the beak, high, but more noticeable posteri- 
orly; the posterior area with 8 thin, crowded cordlike ribs, the 3 near the postero- 
dorsal margin somewhat wider; interradials linear, disappearing near the margin; 
incrementals with wavy pattern, crowded and becoming coarse with age. Lunule 
deeply inset, convex anteriorly and upward. Escutcheon narrow. Nymph thin; 
nymph plate weakly alate; ligamental pit deeply inset, wide and large. Hinge short, 
rather low, with an arched ventral margin; right cardinal (3a) thin, almost vertical ; 
medial cardinal (3b) deltoid, curved; posterior right cardinal (5b) long, thin. 
Muscle scars and pallial line not exposed in holotype. 
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Dimension of holotype—Height, 78 mm.; length, 86 mm.; convexity, 28.7 mm. 
FHolotype.—Right valve; Univ. Cal. Invert. Pal. Type Coll., No. 15626. 

Type locality— Univ. Cal. loc. 672, SE + NW ¢& sec. 24, T. 18 S., R. 14 E., 
Coalinga Quad., Fresno Co., California; massive sandstone forming southern portion 
of the crest of Parson’s Peak. 

Stratigraphic position.—Avenal sandstone, 45 feet above the base. Middle 
Eocene. 


Discussion.—V enericardia smileyi is here revised because it appears that at 
least two species were confused by Vokes. In the first place, /’. smileyi is only 
distantly related to /’. aragonia and cannot be regarded as a subspecies of the latter. 
(See phylogenetic chart.) 

A scrutiny of the types shows that the paratype of J”. smileyi actually belongs to 
V’. joaquinensis (Vokes) as restricted in the present report. ‘The original figure 
of the hinge of the holotype, (unfortunately reversed in the process of reproduction, 
Vokes (1939) pl. 6, fig. 2) showed a deltoid medial cardinal (3b) obliquely curved. 
Referring to this tooth Vokes said, ‘“. . . right valve of the hinge with a large 
trigonal and curved cardinal,’ and on the same page, /’. smileyi is said to have a 
“large trigonal cardinal.” In reality, a large trigonal cardinal characterizes I’. 
joaquinensis (Vokes) and not J’. smileyi. Only the paratype of Vokes’ I’. smileyi 
has a socket (3b’) wide enough to accommodate such a large trigonal cardinal. It 
is, therefore, concluded that this paratype should be removed from J’. smileyi and 
assigned to ’. joaquinensis. 

During the course of the present investigation, permission was obtained to 
expose the hinge of J’. joaquinensis. This hinge shows a socket large enough to 
accommodate the large trigonal cardinal mentioned by Vokes. A series of specimens 
of V’. joaquinensis in the Stanford University Collection shows that the shape and the 
size of this tooth are constant characteristics of the species which adds further support 
tor the restriction of the name /’. smiley: to the holotype of Vokes. 

No other specimens of this species were seen during the course of this study. 
The holotype is not well preserved and its exact relationship, therefore, must remain 
in doubt until more and better material becomes available. 


Venericardia (Leuroactis) aragonia Arnold and Hannibal, 1914 
Plate 9, figures 1-6 


1914. Venericardia hornii variety aragonia Arnold and Hannibal, Science, n. s., vol. 39, No. 
1016, p. 907, (brief description). 

1914b. Venericardia planicosta merriami Dickerson (partim), California Acad. Sci. Proc., 
ser. 4, vol. 4, p. 118, pl. 11, fig. rb (only) (paratype of V. merriami Dickerson). 

1914. Venericardia planicosta var. ionense Waring, Jour. Geol., vol. 22, p. 785, (nomen 
nudum). 

1915. Venericardia planicosta var. ionense Waring in McLaughlin, California Min. Bur., 
Bull. 69, Folio, pl. 1, fig. 22 (name and figure). 

1917. Venericardia planicosta ionensis Waring, California Acad. Sci., Proc., ser. 4, vol. 7, 
p. 96, pl. 11, figs. 1,2, (described). 

1925. Venericardia ionensis Waring. Hanna, Univ. California Publ. Dept. Geol. Sci., Bull. 
vol. 15, pp. 284-285, pl. 36, figs. 1, 2,7, (only). 

1929. WVenericardia ionensis Waring, Clark, Stratigraphy and Faunal Horizons of the Coast 
Ranges of California, pl. 3, fig. 8. 

1930. Venericardia (Leuroactis) aragonia Arnold and Hannibal, Stewart, Acad. Nat. Sci., 
Philadelphia, Spec. Pub. 3, pp. 170-171, (designation of the neotype). 
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1938. Venericardia aragonia Arnold and Hannibal. Turner, Geol. Soc. Amer., Spec. Paper, 
No. 10, pp. 48-49, pl. 13, figs. 1,2,3, and 5s. 

1943. Venericardia aragonia Arnold and Hannibal. Weaver, Uniy. Washington, Pub. Geol., 
vol. 5, p. 137, pl. 28, figs. 2, 3, 4, and 5, pl. 32, figs. 4, 5, 10, and 11 (only). 

Shell large, thick, trigono-cordate in outline, anterior margin rounded, attenuate, 
the ventral nearly straight, the postero-ventral margin also attenuate, and the 
postero-dorsal broadly rounded. Umbo convex, curved forward, umbonal ridge 
distinct, delimiting the flattened posterior area at an angle of approximately 90° 
with the axial plane of the shell; beaks rather high and distinctly pointed, placed 
at about the anterior one-fourth. Sculpture consisting of 19-20 ribs; on the young 
shell the ribs well developed, beaded at the beaks, becoming flat-topped for a distance 
of up to 25 mm. from the beaks; the anterior 4 or 5 ribs faintly tripartite. In the 
adult shell ribs rounded, become gradually obsolete, especially on the disk; in the 
senile stage ribs faintly discernible around the posterior side of the medial portion. 
Interradials flat-topped and sharply linear on rounded ribs; incrementals faint, wavy 
on the disk, becoming coarse with age and more prominent on the anterior and 
posterior areas of the shell. (The holotype shows some well-marked annual rings 
spaced about 10 mm. apart.) Lunule deeply inset, the part in the right valve 
about three times as large as that in the left valve; lunular groove almost 
vertical but sloping down and backward. Escutcheon well defined. Nymph with a 
flaring, broad base; ligamental groove shallowly incised; ligamental pit shallow but 
well defined. Hinge plate high and rather short with a straight ventral margin; 
dentition strong, anterior right cardinal (3a) thin, laminar; middle cardinal (3b) 
cuneate, long, straight, sometimes transversely grooved along the ventral margin; 
the posterior cardinal (5b) long, thin, cordlike; the left valve (hypotype, Univ. 
Cal. Pal. Type Coll., No. 30175) with an anterior cardinal (2) bluntly elongate and 
a posterior cardinal (4b) sloping in the ventral part to the basal margin of the 
hinge. Interior with deeply incised small pedal and adductor muscle scars. Pallial 
line entire, slightly rugose. Inner margins crenulate. 

Dimensions of neotype.—Height, 73 mm.; length, 82.5 mm.; convexity, 26 mm. 

Neotype (Stewart, 1930).—Right valve, Stanford Univ. Paleo. Type Coll., 
No. 619; collector, H. Hannibal. 

Hypotypes—Univ. Cal. Invert. Pal. Type Coll., No. 30175; Stanford Univ. 
Paleo. Type Coll., No. 8008. 

Type locality—Umpqua Valley, Oregon. 

Stratigraphic position——Umpqua formation. Lower Eocene. 

Discussion.—Early investigators regarded /’enericardia aragonia as an important 
stratigraphic marker and made use of it in the regional and even inter-continental 
correlation in America. For a number of years forms from central and southern 
California that are now recognized as distinct species were identified by most 
workers as I’. aragonia or J’. ionensis. Even the Gulf Coast form, /’. horatiana 
Gardner from the Wilcox formation, Texas, has been on several occasions treated 
by different authors as conspecific with J’. aragonia. Furthermore, I’. parinensis 
Olsson from Parinas formation of northwestern Peru was also considered to be 
related to the Oregon species. 
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The lack of proper discrimination of species and the general confusion which 
involved the species /’. aragonia, I’. ionensis, 1. merriami, V. horatiana, and I’. 
parinensis, was in all probability due to the extreme brevity of the original description 
of I’. aragonia (“I’. hornii with obsolete ribs’!) and the lack of adequate illus- 
trations. 


For a better understanding of the aragonia problem it is necessary to review 
the history of the case. 

In June, 1914, Arnold and Hannibal proposed the name aragonia for the 
venericard from the Umpqua formation, Oregon, with the following brief description 


” 


“V. hornii with obsolete ribs, (variety aragonia A.&H.).” Six months later, 
Waring, in a paper on “Eocene Horizons of California,” mentioned a fossil which 
he named J’. planicosta ionensis Waring from the east side of San Joaquin Valley. 
Tre figure of J’. p. ionense, published by Waring shortly thereafter in McLaughlin 
(1915), was of a specimen from the Umpqua formation of Oregon. 

In December of the same year, Dickerson (1914), discussing the “Fauna of 
the Siphonalia sutterensis Zone in the Roseburg Quadrangle, Oregon,” described a 
new subspecies, /’. planicosta merriami Dickerson, of which one figured specimen 
(fig. 1b) is now recognized as I’. aragonia. 

Later, Hanna (1925), in his paper on the ‘Notes on the Genus /’enericardia 
from the West Coast of North America,” claimed that a gradational series existed 
within the species /’. ionensis and that the species varied within definite, but 
wide limits. At one extreme of the series Hanna placed forms with a high beak 
and broad and heavy hinge (aragonia), at the other extreme were forms with a low 
beak and a narrower hinge (merriami). Hanna concluded that “his (Dickerson’s) 
‘type’ and ‘cotype’ of I’. p. merriami become plesio-types of /’. ionensis Waring.” 
Subsequent workers have followed Hanna in this conclusion and the name merriami 
was generally suppressed as a synonym under /’. ionensis. 

In the meantime, as no holotype of J’. aragonia could be found (it perhaps never 
existed) Stewart in 1930 designated as neotype of aragonia the specimen of J’. fp. 
ionensis which was figured by Waring in 1917. Stewart wrote: ‘“. ... in absence 
of specimens from the Arago formation, the specimen figured by Waring (1917, 
pl. 11, fig. 1) from the Umpqua formation, Oregon, which was said to have been 


“e 


collected by Hannibal, is here designated the neotype of the ‘‘variety” aragonia, it 
being impossible to establish a holotype or a lectotype for this name.” It will be 
observed that the figure of /’. p. ionensis published by Waring in 1917 is a slightly 
enlarged reproduction of the picture of J’. p. ionensis which he published in Mc- 
Laughlin in 1915, at the time the “variety” onensis was first established. There is 
little doubt that the illustration of 1917 was prepared from the same negative which 
was used in I9Q15. 

Because of the priority of the name aragonia, Stewart had placed, and rightly 
so, the name /’. ionensis as a synonym under |’. aragonia. . 

Subsequent workers accepted the suppression of /’. merriami and J’. ionensis 
as synonyms of J’. aragonia and a general belief prevailed that these names referred 
to the same species. The present study shows, however, that there is a good reason 
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for the reinstatement of /’. merriami as a valid species, distinct from J’. aragonia. 


The examination of the /’. merriami holotype at the California Academy of 
Sciences, shows that it is different from J’. aragonia, although it is true that the 
figured paratype is a young specimen and appears to be conspecific with /’. aragonia. 


V’. merriami is distinguished from J’. aragonia by the absence of tripartite ribs, 
by the less inflated umbo, lower and less prosogyrate beak, and by having a distinctly 
alate nymphal plate. The sum of these characters is judged to be sufficient for a 
specific separation of the two forms and for the reinstatement of Dickerson’s name 
I’. merriami as a valid species. The presence of the alate nymphal plate in /’. 
merriami merits a particular emphasis. This structure is regarded to be a phylo- 
genetic character of the crescentensis stock, distinguishing it from J’. aragonia and 
similar forms which constitute the aragonia stock. 


Previous authors have mentioned that /’. horatiana Gardner may be conspecific 
with J’. aragonia, and Rutsch (1936) even went so far as to propose that the name 
horatiana be replaced by aragonia. It is true that on the basis of published figures, 
the two forms are almost indistinguishable and the idea of having only one name for 
the two at first glance appears to have a sound basis. Fortunately, good specimens 
of V. horatiana in the Stanford University Collection were available for study. 
They appear to be specifically identical with the hypotype of /’. horatiana figured 
by Stewart in 1930 and by Gardner and Bowles in 1939. A large suite of specimens 
of V’. aragonia attorded a careful comparison of these two species. On close exam- 
ination, one sees dissimilarities of at least specific magnitude between the two forms. 
For example, in young specimens the beaks differ noticeably in shape being weakly 
twisted and lower in J’. horatiana; the latter has three or four more ribs, and 
individual ribs are somewhat narrower than in J’. aragonia; furthermore, /’. 
horatiana is less convex and has not so thick a shell. Thus, it is concluded that 
although the forms have a striking superficial resemblance, the difference between 
them is of sufficient magnitude to justify separation. ‘The specific difference between 
them may well be explained as modifications brought about by slight environmental 
changes at the extremes of their geographic range. 

The existence of a close relationship between /’. aragonia from the West Coast 
with )’. horatiana from the Gulf Coast region is of paramount significance. ‘This 
is one of few instances among the venericards where a genetic connection can be 
recognized in the forms occurring on the opposite coasts of the continent, and it 
furnishes a basis for a long range correlation. J. horatiana is a key fossil for the 
upper Wilcox in the Gulf Province and J’. aragonia occurs in the Umpqua formation 
in Oregon. The affinity between these two species permits the conclusion that the 
beds containing them are the same or approximately the same in age. 


The suggestion by several authors that /’. parinensis Olsson of northwestern 
Peru could be a correlative of either J’. aragonia or I’. horatiana appears to be 
untenable. A fine specimen of J’. parinensis in the Stanford University Collection 
shows no close resemblance to either /’. aragonia or IV’. horatiana. Vhe hinge of I’. 
parinensis resembles that of /’. stewarti Gardner and Bowles. 
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Venericardia (Leuroactis) joaquinensis (Vokes), 1939 
Plate 11, figures 1-4; Plate 12, figures 4-6 


1925. Venericardia ionensis Waring, Hanna, Uniy. California Publ. Dept. Geol. Sci., Bull. 
vol. 15, pl. 42, figs. 1-2. 

1939. Megacardita (Venericor) hornii (Gabb) joaquinensis Vokes, New York Acad. Sci., 
Annals, vol. 38, pp. 69-70, pl. 8, fig. 1 (only); pl. 9, fig. 1 (only) (for pl. 8, 
fig. 2 and pl. 9, fig. 2 see under Venericardia vokesi Verastegui.) 


Original description—Shell large, heavy, variable in shape; umbos prominent, inflated, 
anterior; posterior cardinal margin convex, rounded, ventral nearly straight, anterior broadly 
rounded ventrally but quite sharply rounded dorsally, straightening out to the small, deeply 
impressed lunule; sculpture consisting of 21 subobsolete radial ribs appearing as low rounded 
Waves on an otherwise smooth surface; hinge-plate large; posterior cardinal on the left 
valve long, thin, strongly curved; anterior cardinal short, thin, small; nymph-plate strong, 
appressed to the posterior cardinal at the anterior end. he 

Comparison—This subspecies may be distinguished from typical M. hornii (Gabb) and 
M. hornii clarki (Weaver and Palmer) by the obsolete character of the ribbing. [t differs 
from M. aragonia (Arnold & Hannibal) in being less angulate at the posterior ventral margin, 
more sharply rounded anteriorly, and in having lower, more massive umbos. It differs from 
other described forms of Megacardita in both shape and character of ribbing. 

The principal variation in this species is in the height-length ratio. The general features 
of the outline, notably the shape of the anterior and posterior ends, are constant and appear 
to be characteristic. The subspecies is confined to the collections from the Reef Ridge area 
and is notably abundant in the chert-pebble conglomerate at the base of the section in the 
area.—[ Vokes, 1939, p. 69.] 

Revised description Shell large, heavy, round to subquadrate in outline, 
anterior margin attenuate, the ventral nearly straight, and the posterior rounded, 
slightly truncate, makes an angle of 80° with the ventral margin. Umbo convex, 
bordered posteriorly by a weak umbonal ridge separating it from the posterior area; 
beak prosogyrate, low, full. Sculpture consists of 22 to 24 ribs; ribbing semi-obsolete 
on the disk, but apparently distinct on the beaks (ornamentation poorly preserved 
near the beaks); 16 ribs on the antero-medial area, wide and simple; 8 thin ribs 
crowded on the posterior portion, the 3 nearest to the postero-dorsal margin nearly 
obsolete; interradials shallow, U-shaped at the beaks, becoming linear and obsolete 
over the main part of the shell. Incrementals faint, crowded, wavy throughout, 
becoming more distinct and coarse with age. Lunule small, deeply inset, convex; 
deep lunular groove trending downward and forward. Escutcheon well defined by 
a prominent escutcheon-cord. Nymph long, resting on a weakly alate nymphal plate; 
ligamental pit deeply incised, wide and elongate. Hinge plate rather high but short, 
with a straight basal margin. Dentition heavy, in the holotype (left valve) 
consisting of an almost vertical, straight, elongated anterior cardinal (2) and a long, 
large posterior cardinal (4b) broadens ventrally; in the paratype (a right valve), a 
long and almost vertical anterior cardinal (3a); a large, trigonal medial cardinal 
(3b) characteristic of this species; and a heavy, large right posterior cardinal (5b) 
also broadens ventrally. Inner features of holotype concealed by matrix; paratype 
showing pedal and adductor muscle scars well-incised, pallial line entire, normally 
placed. Inner margins crenulate. 

Dimensions of holotype-—Height, 95 mm.; length, 108 mm.; convexity, 33 mm. 

Holotype-—Left valve: Univ. Cal. Invert. Pal. Type Coll., No. 15616; col- 
lector, H. E. Vokes. 

Paratype.—Left valve: Univ. Cal. Invert. Pal. Type Coll. No. 15617. 
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Fly poty pes.—Right valve, (Stanford Univ. Paleo. Type Coll., No. 8010), from 
2000 feet N, 500 feet E. of southwest corner Sec. 19, T. 14 S., R. 12 E., Panoche 
Hills, Panoche Quad., Fresno Co., Calif., and a right valve (Univ. Cal. Invert. 
Paleo. Type Coll., No. 30414), from Univ. Cal. loc. 4003, Simi Valley. 

Type locality —Univ. Cal. loc. 4170, west side of Big Tar Canyon, Reef Ridge 
area, Cholame Quad., Kings Co., California. 

Stratigraphic position.—Ayenal sandstone and Domengine formation. Middle 
Eocene. 

Discussion.—J enericardia joaquinensis was originally established by Vokes as a 
subspecies of Megacardita (Venericor) hornii. A critical study of the type material 
shows that J’. joaquinensis has the characters of the subgenus Leuroactis and is only 
distantly related to J’. hornii which belongs to the subgenus Pacificor. 

Venericardia joaquinensis was originally described by Vokes in 1939 on the 
basis of one holotype and two paratypes, but the hinge was only seen in one of the 
paratypes. 

During the present studies, permission was obtained from Professor Durham of 
the University of California to prepare the hinge in the holotype. The exposed 
hinge proved to be so markedly different from that of the figured paratype that one 
could not escape the conclusion that the two specimens belong to two species. ‘The 
hinges of these two forms have general patterns which characterize two phylogenetic 
lineages within the aragonia stock. 

The hinge in the holotype of )’. joaquinensis is characterized, mainly, by wide 
trigonal socket (3b’) to accommodate a large trigonal medial cardinal (3b). The 
hinge on the paratype, on the other hand, has the general aspect of that of I’. 
aragonia, although it is somewhat lower, and the socket (3b’) is narrow to fit a 
cuneate medial cardinal. The paratype in question, however, cannot be regarded as 
conspecific with J’. aragonia. It is more obliquely elongate in outline, and lacks the 
bundled or fasciculate ribs. For this reason it is taken to represent a distinct species 
which is here named /’. vokesi, n. sp. 

It will be noted that the other paratype of /’. joaquinensis, after the preparation 
of the concealed hinge, proved to be conspecific with the holotype. 

The true joaquinensis hinge (in the holotype) characterizes the lineage which, 
as far as is known, culminated with /’. popenoei n. sp., in the upper Eocene, whereas 
the hinge of I’. vokesi belongs to a group of species that-appears to have left no 
descendants and died out at the close of the middle Eocene. 


Venericardia (Leuroactis) vokesi Verastegui, n. sp. 
Plate 14, figures 1-3 
1939. Megacardita (Venericor) hornii (Gabb) joaquinensis Vokes, New York Acad. Sci., 
Annals, vol. 38, pp. 69-70, pl. 8, fig. 2 (only); plate 9, fig. 2 (only). 
Description.—Shell large, thick, cordate, obliquely elongate in outline; anterior 
and posterior margins attenuate, ventral very gently curved, and postero-dorsal gently 
arched. Umbo convex and umbonal ridge even less sharply defined than in J’. 
joaquinensis; beak prominent, prosogyrate, placed at about the anterior one-fourth. 
Sculpture consisting of 22 broadly rounded ribs; 14 simple ribs well defined in the 
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upper one-third of the shell, becoming inconspicuous and giving place to fine wavy 
incrementals, which become coarse with age; on the posterior area eight weak ribs, 
relatively more discernible than the anterior ones and traceable to the ventral margin. 
Interradials linear in the early part of the shell, becoming obsolete, represented over 
most of the shell by weakly defined shallow furrows. Lunule deeply inset, the 
right part three times as large as the left; lunular groove trending downward and 
backward. Escutcheon well defined by the hinge-cord. Hinge rather low and 
short, with a straight ventral margin; nymph narrow, long; ligamental pit shallowly 
incised; dentition strong, consisting in the right valve of a short, small anterior 
cardinal (3a); a cuneate, elongate medial cardinal (3b) slightly curved forward; 
and a long posterior cardinal (5b); the figured holotype (left valve) with’ an 
anterior cardinal (2) curved upward and forward, elongate and truncate at the 
upper end, and a curved, long and high posterior cardinal (4b). Other inner charac- 
ters concealed by matrix. 

Dimensions of holotype.—Height, 84 mm.; length, 100 mm.; convexity, 30 mm. 

Holotype.—Left valve: Univ. Cal. Invert. Pal. Type Coll. No. 15618. 

Paratype—Right valve: Stanford Univ. Paleo. Type Coll. No. 8016, from 
southwest corner Sec. 17, T. 17 E., R. 23 S., half a mile east of Big Tar Canyon, 
Cholame Quad., Reef Ridge sheet, Kings Co., Cal. 

Type locality—Two thousand feet east and 500 feet north of SW corner sec. 
17, T. 23 S., R. 17 E., half a mile east of Big Tar Canyon, Cholame Quad., Reef 
Ridge sheet Kings Co. California. 

Stratigraphic position.—Avenal sandstone, 20 feet above base. Middle Eocene. 

Discussion.—F enericardia vokesi is characterized by an elongate outline and by 


the pattern of the hinge; it can be distinguished from its nearest relative ’. aragonia 
Arnold and Hannibal, by the absence of tripartite (fasciculate) ribs in the frontal 
area near the beaks. 

The new species /’. vokesi is based on a specimen which was originally described 
by Vokes as a paratype of /’. joaquinensis. Subsequent preparation of the holotype 
hinge of /’. joaquinensis proved it to be specifically different from that of the para- 
type which had a much more elongate outline, less massive beak, and a lunule sloping 
downward and backward in contrast with the vertically sloping lunule in /’. 


joaquinensis. 


Venericardia (Leuroactis) popenoei Verastegui, n. sp. 


Plate 22, figures 1-3 


Shell large, thick, subquadrate in outline, with an almost horizontal antero- 
dorsal margin; the anterior margin evenly rounded toward the ventral margin; 
the antero-dorsal end sharply rounded to subangular. Umbonal convexity perceptibly 
fiatening toward the anterior margin. Beak prosogyrate, low, placed at about 
the anterior one-third. Sculpture of Lewroactis type, consists of 21 ribs, simple, 
flat-topped in the early stage, then rounded until the shell is 35-40 mm. high, and 
finally become almost obsolete; differentiated as follows: 14 ribs on the antero- 
medial portion and 7 ribs in the posterior area, not so wide, but slightly more 
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conspicuous. Interradials U-shaped on the tip of the umbo, become linear and 
gradually disappear, their position still marked by the wavy pattern of incrementals. 
Growth lines or incrementals distinct in the holotype, fine in the young stage but 
become coarse with age. Lunule of holotype (left valve) narrow and high; lunular 
groove well incised, trending downward and forward. Escutcheon present and 
distinctly defined by the escutcheonal cord. Ligamental groove wide and deep. 
Nymph thin and short; ligamental pit long, incised and rough. Hinge plate rather 
short and low with an almost straight ventral margin. Dentition (left valve) 
consists of a bean-shaped anterior left cardinal (2) isolated from the lunular arch, 
a triangular socket (3b’) wide to accommodate a large trigonal cardinal (3b) (a 
distinctive character of this species), and a thin, high posterior cardinal (4b) slightly 
broadened ventrally. Pedal muscle scar small, adductor muscle scars shallowly in- 
cised. Pallial line entire, distant from margin, apparently represented by a band of 
transverse rugosities Inner margins crenulate. 

Dimensions of holotype-——Height, 112 mm.; length, 115 mm.; convexity, 31 
mm. 
Holotype.—Left valve; Univ. Cal. Invert. Pal. Type Coll., No. 156809. 
Type locality —Univ. Cal. at Los Angeles loc. L-581, east side of main branch 
of Sespe Gorge, Ventura Co., California. 

Stratigraphic position —‘Coldwater” formation “just below Eocene-Sespe con- 
tact.”” Upper Eocene. 

Discussion.—I enericardia popenoei, beautiful representative of the subgenus 
Leuroactis, unfortunately is represented by one incomplete specimen in which the 
postero-ventral portion is missing. The rest of the valve is in a good state of 
preservation showing all the features characteristic of the subgenus. 

The flexuous curvature in the convexity of the shell and the striking hinge plate 
distinguish this species from any other Leuroactis. Its closest relative appears to be 
V’. joaquinensis (Vokes) from the Avenal sandstone, middle Eocene of California. 
‘They can be distinguished by the slight concavity in the anterior area of the shell 
and by the wider trigonal socket (3b’) in I’. popenoei. 

This species is the last known member of the subgenus Leuroactis, the group 
which was abundant on the Pacific side of America. Starting in lower Eocene with 
IV’. schencki, the group reached its climax with /’. popenoei in the uppermost Eocene 
and probably died out at the close of the Eocene, as there are no further records 
in the Tertiary of any species of this group. However, some Recent forms such as 
V’. megastropha (Gray) have sculpture and hinge remarkably similar to those of 
Leuroactis. 

It is interesting to note that no representative of Leuwroactis is recorded in the 
upper Eocene of eastern America and Peru. The restricted geographic occurrence 
of I’. popenoei to the North Pacific of America may be taken as an additional 
evidence that Leuroactis, like Pacificor, had its metropolis in western America, as 
Venericor did in eastern America. 
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PLATES 


PLATE 1 (40) 


70 


Figure 


I-5. 


6-9. 


IO-14. 


Venericardia (Glyptoactis) keenae Verastegui, n. sp. 


Venericardia (Pacificor) mulleri Verastegui, n. sp. 


Venericardia (Pacificor) taliaferroi Verastegui, n. sp. 


PALAEONTOGRAPHICA AMERICANA (III, 25) 


EXPLANATION OF PLATE 1 (40) 


Holotype, a left valve, (Stanford Uniy. Paleo. Type Coll., No. 7993), 
from Stanford Univ. loc. 2073, road cut just south of the middle of section 
line between secs. 20 and 29, in sec. 29, T. 15 S., R. 12 E., opposite junction 
of Panoche and Silver Creeks, Panoche Quad., Fresno Co., California. Base 
of the Lodo formation. Paleocene. 


Exterior of holotype. 

Front view. 

Dorsal view. 

Posterior view. 

Interior. 

Diagram of hinge of holotype. 


PUufwW dD 


5 


Holotype, a right valve, (Stanford Uniy. Paleo. Type Coll., No. 7994), 
from the same locality as of fig. 1. Base of the Lodo formation. Paleocene. 


6. Exterior of holotype. 
7. Interior. 

7a. Diagram of hinge. 
8. Posterior view. 

g. Dorsal view. 


Venericardia (Pacificor) argentea Verastegui, n. sp. ....-.-- pieeieinens 


Holotype, a left valve, (part below the dotted line is reconstructed), 
(Stanford Univ. Paleo. Type Coll., No. 7995), from the same locality as 
figs. 1 and 6. Base of the Lodo formation. Paleocene. 


1o. Exterior of holotype. 
11. Front view. 

12. View of hinge. 

12a. Diagram of hinge. 

13. Dorsal view. 

14. Interior of holotype. 


Holotype, a left valve, (Stanford Uniy. Paleo. Type Coll., No. 7996), 
from NW 1/4 NE 1/4 sec. 30. T. 25 S., R. 10 E., 1/4 mile SSW of BM 719, 
south of Williams Ranch on the Nacimiento River, Adelaida Quad., San 
Luis Obispo Co., California. Dip Creek formation. Paleocene. 


15. Exterior of holotype. 
16. Hinge of paratype, a left valve, (Stanford Uniy. Paleo. Type Coll. 
No. 7997). 
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EXPLANATION OF PLATE 2 (41) 


Page 
Venericardia (Pacificor) nelsoni Verastegui, n.sp. ...........-------- 21 
Holotype. a left valve, (Univ. Cal. Invert. Pal. Type Coll., No. 32804), 
from Uniy. California loc. 3,765, NW 1/4 SW 1/4 sec. 24, T. 2N., R. 18W.; 
6,800 feet N. 16°E. of Hill 2,150, Simi Hills, Camulos Quad., Ventura Co, 
California. “Martinez marine member’ of Nelson, Martinez “group.” 
Paleocene. 
1. Interior of holotype. 
1a. Diagram of hinge of holotype. 
5. Front view of holotype. 
Venericardia (Pacificor) transversaria Verastegui, n. sp. ..........005- 37 


Holotype, a right valve (part of beak above dotted line reconstructed), 
(Univ. Cal. Invert. Pal. Type Coll, No. 32804-a), from the same locality 
as figure 1. 


Interior of holotype. 

Diagram of hinge of holotype. 
Exterior of holotype. 

Front view of holotype. 
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EXPLANATION OF PLATE 3 (42) 


Figure Page 
1-3. WVenericardia (Venericor) venturensis Waring .........-.0000eeseeeee: 45 
Probably from Simi Valley, locality unknown. ‘Martinez marine 
member” of Nelson. Martinez “group.’’ Paleocene. 


1. Front view of hypotype, two valves in attached position. (Stanford 
Univ. Paleo. Type Coll., No. 7998). 

2. Exterior of left valve of hypotype. 

3. Rear view of hypotype. 


4. Venericardia (Venericor) venturensis Waring ...............++.--+:: 45 


Near head of east fork of Las Virgenes Canyon, 3 miles ENE of Simi 
Peak, Simi Hills, Camulos Quad. Ventura Co., California. “Martinez 
marine member” of Nelson, Martinez “group.” Paleocene. 


4. Interior of hypotype, a right valve, (Stanford Univ. Paleo. Type Coll., 
No. 7999). f 
4a. Diagram of hypotype from Stanford Univ. loc. 2697. 


. Venericardia (Pacificor) nelsoni Verastegui, n. sp. ..........-------- 21 
’ 


Holotype, a left valve, (Univ. Cal. Invert. Pal. Type Coll., No. 32804), 
from Univ. California loc. 3,765 NW 1/4 SW 1/4 sec. 24, T. 2N., R. 18 
W.; 6,800 feet N. 16° E of Hill 2,150, Simi Hills, Camulos Quad., Ventura 
Co., California. ‘Martinez marine member” of Nelson, Martinez “group.” 
Paleocene. 


5. Exterior of holotype. 
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EXPLANATION OF PLATE 4 (43) 


Figure Page 


1. Venericardia (Venericor) simiana Verastegui, n. sp. .........-..------ 47 


From 1/2 mile NE of Hill 2,150, Simi Hills, Calabasas Quad., 
Ventura Co., California. “Martinez marine member” of Nelson, Martinez 
“group.” Paleocene. 


1. Interior of paratype (Stanford Univ. Paleo. Type Coll., No. 8002). 


2-4. Venericardia (Venericor) simiana Verastegui, n. sp. .........-.+++.+-: 47 


Holotype, a right valve, (Stanford Uniy. Paleo. Type Coll., No. 80or), 
from the same locality as fig. 1. ‘Martinez marine member” of Nelson, 
Martinez “group.” Paleocene. 


2. Front view of holotype. 

3. Interior of holotype. 

3a. Diagram of hinge of holotype. 
4. Exterior of holotype. 


5. Wenericardia \((Vienericon)) wenturensis WV allnew one erte 45 


From the same locality as fig. 1. Note the greater convexity than in 
V. simiana, “Martinez marine member” of Nelson, Martinez “group.” 
Paleocene. 


5. Front view of hypotype (Stanford Univ. Paleo. Type Coll., No. 8000). 


6-8. Venericardia (Leuroactis) schencki Verastegui, n. sp. ...... ENE hi 50 


Holotype, a right valve, (Stanford Univ. Paleo. Type Coll., No. 8003), 
from about 2 miles NE of Simi Peak, Simi Hills, Camulos Quad., Ventura 
Co., California. Santa Susana shale. Lower Eocene. 


6. Exterior of holotype. 

7. Front view. 

8. Interior of holotype. 

8a. Diagram of hinge of holotype. 
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EXPLANATION OF PLATE 5 (44) 


Figure Page 


1-4. Venericardia (Pacificor) susanaensis Verastegui, n.sp. ..........+2000- 22 


Holotype, both valves originally in attached position, (Stanford Univ. 
Paleo. Type Coll., No. 8004), from McCray Oil Wells, Oil Canyon, Camulos 
Quad., Ventura Co., California. Santa Susana shale. Lower Eocene. 


Interior of left valve. 

Front view of holotype. 

Interior of right valve. 

Diagram of hinge of right valve. 
Exterior of left valve. 
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5-7. Venericardia (Pacificor) diabloensis Verastegui, n. sp. 
Holotype, a left valve, (Stanford Univ. Paleo. Type Coll., No. 411), 
from Marsh Creek, Brentwood, Contra Costa Co., California. “D’ member 

of Meganos formation. Lower Eocene. 


5. Front view of holotype. 

6. Exterior of holotype. 

7. Hinge of holotype. 

7a. Diagram of hinge of holotype. 
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PLATE 6 (45) 
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EXPLANATION OF PLATE 6 (45) 


Figure Page 


t, 2. Venericardia (Leuroactis) crescentensis Weaver and iRalmereeeees sos Su 


Hypotype, a right valve, (Univ. Cal. Invert. Pal. Type Coll., No. 
30196), from Joyce Station, a quarter of a mile E of Tongue Point, Port 
Crescent, sec. 22, T. 31 N., R. 8 W., Clallam Co., Washington. Crescent 
formation. Lower Eocene. 


1. Exterior of hypotype. 
2. Interior of hypotype. 
2a. Diagram of hinge of hypotype. 


3. Venericardia (Leuroactis) crescentensis Weaver and Palmer ........ aa Git 


Holotype, a right valve, (Calif. Acad. Sci. Type Coll., No. 7433) from a 
quarter of a mile E of Tongue Point, Crescent Bay, Clallam Co., Washing- 
ton. (After Weaver and Palmer). Crescent formation. Lower Eocene; 
X2. 
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EXPLANATION OF PLATE 7 (46) 


Figure Page 
1-2. Venericardia (Pacificor) durhami Verastegui, n. sp. ........--+-+--- 23 
Holotype, both valves in attached position, (Stanford Uniy. Paleo. Type 
Coll., No. 8005), from 1 1/2 miles W. of Vickers Hot Springs, Ventura Co., 
California. Juncal formation. Lower Eocene. 
1. Exterior of right valve showing crushed ventral portion. 
2. Dorsal view of holotype. . 3 
B25. Venericaraia \(Pacificor)| lutmanieaiuinen sree oar ener 26 


Holotype, both valves originally in attached position, (Univ. Cal. 
Invert. Pal. Type Coll., No. 33133), from Univ. California loc. A-1,233, 
W. of Roseburg, Oregon. Lower Umpqua formation. Lower Eocene. 


Hinge of left valve. 

Anterior view of right valve. 
Hinge of right valve. 

Diagram of hinge of right valve. 
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EXPLANATION OF PLATE 8 (47) 


Venericardia (Leuroactis) merriami Dickerson ........-.....+++-- 53 


Holotype, both valves originally in attached position (Cal. Acad. Sci. 
Type Coll., No. 241), from Cal. Acad. Sci. loc. 25, Roseburg Quad., Douglas 
Co., Oregon. Upper Umpqua formation. Lower Eocene. 


1. Hinge view of right valve. 

1a. Diagram of hinge of right valve. 
4. Interior of left valve. 

7. Exterior of left valve. 


Venericardia (Leuroactis) merriami Dickerson ...............+-. 53 


Hypotype, both valves in attached position, (Stanford Univ. Paleo. 
Type Coll., No. 8006), from bluffs along Little River at junction with North 
Umpqua River, Glide, Roseburg Quad., Douglas Co., Oregon. Upper 
Umpqua formation. Lower Eocene. 


2. Anterior view. 
3. Posterior view showing fossilized ligament. 


Venericardia (Leuroactis) merriami Dickerson ..............-+++- 53 


Hypotype, a right valve, (Stanford Univ. Paleo. Type Coll., No. 8007), 
from the same locality as figs. 2, 3. Upper Umpqua formation. Lower 
Eocene. 


5. Anterior view showing convexity and shape of beak. 
6. Exterior of right valve of the same young specimen. 


Venericardia ((Paciicor) lutmant Durner 42. 4440 eee 26 


Right valve of holotype, (Univ. Cal. Invert. Pal. Type Coll., No. 
33133), from Univ. California loc. A-1233. Lower Umpqua formation. 
Lower Eocene. 


8. Right valve showing weathered exterior. 
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EXPLANATION OF PLATE 9 (48) 


Figure Page 
1-3. Venericardia (Leuroactis) aragonia Arnold and Hannibal ............ 57 
“Neotype,’ a right valve, (Stanford Univ. Paleo. Type Coll., No. 619), 
from Umpqua Valley, Oregon. Upper Umpqua formation. Lower Eocene. 
1. Exterior of neotype. 
2. Hinge of neotype. 
2a. Diagram of hinge of neotype. 
3. Anterior view of nectype. 
4. Venericardia (Leuroactis) aragonia Arnold and Hannibal ............ 57 
Hypotype, a left valve, (Univ. Cal. Invert. Pal. Type Coll., No. 
30175), from Univ. California loc. A-667, north bank of North Umpqua 
River, a quarter of a mile N. of Glide, Roseburg Quad., Douglas Co., 
Oregon. Upper Umpqua formation. Lower Eocene. 
4. Interior of hypotype. 
5, 6. Venericardia (Leuroactis) aragonia Arnold and Hannibal ............ 57 
Hypotype, originally in attached position, (Stanford Univ. Paleo. Type 
Coll., No. 8008), from bluffs along Little River at Junction with North 
Umpqua River, Glide, Roseburg Quad., Douglas Co. Oregon. Upper 
Umpqua formation. Lower Eocene. 
5. Anterior view of left valve showing beaded and tripartite character 
in the early stages of ribs. 
6. Exterior of right valve of hypotype. 
7-9. Venericardia (Pacificor) oregonensis Verastegui, n. sp. ..........--+- 25 


Holotype, a right valve, (Stanford Univ. Paleo. Type Coll., No. 8009), 
from bluffs along Little River at junction with North Umpqua River, Glide, 
Roseburg Quad., Douglas Co., Oregon. Upper Umpqua formation. Lower 


Eocene. 

7. Exterior of holotype. 

8. Anterior view. 

9. Interior of holotype. 

ga. Diagram of the hinge of holotype. 
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EXPLANATION OF PLATE 10 (49) 


Figure Page 


1-3. Venericardia (Leuroactis) alisoensis Verastegui, n. sp. ........e esse eee 52 


Holotype, a right valve, (Univ. Cal. Invert. Pal. Type Coll., No. 
30176), from west side of Aliso Canyon (West), beds striking NW and 
dipping W (Elev. 1,820 feet), Los Angeles Co., California. Llajas forma- 
tion. Middle Eocene. 


1. Exterior of holotype. 
. Dorsal view. 
3. Interior. 
3a. Diagram of hinge of holotype. 


A, 5. Venericardia (eurcactis) smaleyin (Vokes)! eccrine 55 


Holotype, a right valve, (Univ. Cal. Invert. Pal. Type Coll., No. 
15626), from SE 1/4 NW 1/4 sec. 24, T. 18 S., R. 14 E,, Coalinga Quad., 
Fresno Co., California. Avenal sandstone, 45 feet above base. Middle 
Eocene. 


4. Exterior of holotype. 
5. Hinge of holotype. 
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EXPLANATION OF PLATE 11 (50) 


Figure Page 


1, 3, 4. Venericardia (Leuroactis) joaquinensis (Vokes) ............---- 60 


Holotype, a left valve, (Univ. Cal. Invert. Pal. Type Coll., No. 
15616), from west side of Big Tar Canyon, Reef Ridge area, Cholame 
Quad., Kings Co., California. Avenal sandstone, Middle Eocene. 

1. Interior of holotype. 
1a. Diagram of hinge. 
3. Anterior view. 

4. Exterior. 


2. Venericardia (Leuroactis) joaquinensis (Vokes) ...........-++++-+ 60 


Hypotype, a right valve, (Stanford Univ. Paleo. Type Coll., No. 8010), 
from 2,000 feet N., 500 feet E of SW corner sec. 19, T. 14 S., R. 12 E, 
Panoche Hills, Panoche Quad., Fresno Co., California. Domengine forma- 
tion. Middle Eocene. 


2. Hinge view of hypotype. 
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EXPLANATION OF PLATE 12 (51) 


Figure Page 


1, 2. Venericardia (Pacificor) vallecitosensis (Vokes) 


Holotype, a left valve, (Univ. Cal. Invert. Pal. ‘Type Coll., No. 15614), 
from small canyon entering San Carlos Creek at south edge of sec. 16, T. 
17 S., R. 12 E., Vallecitos syncline, Priest Valley Quad., San Benito Co., 
California. Domengine formation. Middle Eocene. 


1. Hinge view. 
2. Exterior of left valve. 


3. Venericardia (Pacificor) vallecitosensis (Vokes) 


Hinge view of hypotype (topotype), a right valve, (Univ. Cal. Invert. 
Pal. Type Coll., No. 30177). 


4-6. Venericardia (Leuroactis) joaquinensis (Vokes) .............000e08- 60 


Hypotype, a right valve, (Univ. Cal. Invert. Pal. Type Coll., No. 
30414), from Uniy. California loc. 4003, Simi Valley, California. Llajas 
formation. Middle Eocene. 


4. Interior. 
5. Exterior. 
6. Anterior view. 
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EXPLANATION OF PLATE 13 (52) 


Page 
Venericardia (Glyptoactis) domenginica Vokes ..........+-+++++++055 43 
Holotype, a right valve, (Univ. Cal. Invert. Pal. Type Coll., No. 
15611), from NW of Hill 2,126 on line between sec. 9 and 16, T. 19 S., 
R.15 E., Domengine Ranch, Coalinga Quad., Fresno Co., California. Dom- 
engine formation (basal). Middle Eocene. 
1. Exterior of holotype X 1.5. (After Vokes). 
Venericardia (Glyptoactis) mcmastersi Verastegui, n.sp. ......-.+-+-- 42 
Holotype, a left valve, (Stanford Univ. Paleo. Type Coll., No. 8orr), 
from San Clemente Canyon, San Diego Co., California. La Jolla formation. 
Middle Eocene. 
2. Interior of holotype. 
2a. Diagram of hinge, X 2. 
3. Exterior of holotype, X1.5. 
Venericardia ((Pacificor,) ‘carlosensis (Vokes) > .esriece een eee 36 
Holotype, both valves in attached position, (Univ. Cal. Invert. Pal. 
Type Coll., No. 15619), from Univ. California loc. A-1017, top of small 
ridge 800 feet SW of Hill 2,200 near center of south edge of sec. 16, T. 
17 S. R. 12 E. Domengine formation. Middle Eocene. 
4. Exterior of right valve of holotype. 
5. Dorsal veiw of holotype. 
Venericardia ((Racificor) carlosensis) (Viokes)) = sst-eiesiceisre sei icici 36 


All from San Carlos Creek, San Benito Co., California. Domengine 
formation. Middle Eocene. 


6. Exterior of left valve of a hypotype, both valves in attached position, 
(Stanford Univ. Paleo. Type Coll., No. 8012). 

7. Interior of left valve of hypotype (Stanford Univ. Paleo. Type Coll., 
No. 8013). 

7a. Diagram of hinge. 

8. Abnormal hinge of right valve of hypotype, (Stanford Uniy. Paleo. 
Type Coll., No. 8014). 

8a. Diagram of same hinge figured in 8. 

g. Abnormal hinge of left valve of hypotype, (Stanford Univ. Paleo. 
Type Coll. No. 8015. 
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EXPLANATION OF PLATE 14 (53) 


Figure : Page 


1, 2. Venericardia (Leuroactis) vokesi Verastegui, n.sp. .........----- 61 


Holotype, a left valve, (Univ. Cal. Invert. Pal. Type Coll., No. 15618), 
from Univ. California loc. A-819, Big Tar Canyon, Cholame Quad., Kings 
Co., California. Avenal sandstone. Middle Eocene. 


1. Interior. 
1a. Diagram of hinge of holotype. 
2. Exterior. 


3. Venericardia \((euroacts) wokesi Verastezui, mysps ass ese nee 61 


Paratype, a right valve, (Stanford Univ. Paleo. Type. Coll., No. 8016), 
from SW corner sec. 17, R. 17 E., T. 23 S., half a mile east of Big Tar 
Canyon, Cholame Quad., Reef Ridge sheet, Kings Co., California. Avenal 
sandstone, 20 feet above base. Eocene. 


3. Interior of paratype. 
3a. Diagram of hinge. 
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EXPLANATION OF PLATE 15 (54) 


Figure Page 


1, 2, 6. WVenericardia (Pacificor) hertleini Verastegui, n. sp. ..........++++- 24 


Holotype, a left valve, (Univ. Cal. Invert. Pal. Type Coll., No. 30415) 
from just north of junction of San Clemente and Rose Canyons, San Diego 
Co., California. Rose Canyon formation. Middle Eocene. 


1. Interior of holotype. 
1a. Diagram of hinge. 
2. Exterior. 

6. Anterior view. 


375, 7. Venericardia, ((Racificon)\scalajas Stewarts nner acc eeeeee 28 


Hypotype, a left valve, (Cal. Acad. Sci. Type Coll., No. 1828), from 
one mile SE of Oil City, Fresno Co., California. Domengine formation. 
Middle Eocene. 


3. View of hinge of hypotype. 
a. Diagram of hinge. 

4. Anterior view. 

5. Dorsal view. 

7. Exterior of left valve. 
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EXPLANATION OF PLATE 16 (55) 


Figure Page 


1, Wenericardia (Pacificor) calafia stewart ne sae ee en a ee 28 


Holotype, both valves in attached position, (Univ. Cal. Invert. Pal. 
Type Coll., No. 31450), from Llajas Canyon, Simi Valley, Ventura Co., 
California. Llajas formation. Middle Eocene. 


1. Exterior of right valve. (After Stewart). 


2.3. Venericardia ((Pacificor)) calajia Stewatt ereeeccr cece eee 28 


Hypotype, (topotype) both valves originally in attached position 
(Stanford Uniy. Paleo. Type Coll. No. 8017). 


2. Exterior of right valve. 
3. Anterior view. 
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EXPLANATION OF PLATE 17 (56) 


Figure 


1, 2. Venericardia (Pacificor) calafia Stewart 


Hypotype, both valves originally in attached position, (Stanford Uniy. 
Paleo. Type Coll. No. 8017), from Llajas Canyon, Simi Valley, Ventura Co., 
California. Llajas formation, Middle Eocene. 


1. Interior of left valve. 

1a. Diagram of hinge of left valve. 

2. Interior of right valve. 
2a. Diagram of hinge of right valve. 
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EXPLANATION OF PLATE 18 (57) 


Figure Page 


Ip 4ene enericardiag (hacificor) wont (Gabb) meee cre eee ee 33 


Lectotype, a right valve, (Acad. Nat. Sci. Philadelphia, No. 4558) 
from Tejon, California. Tejon formation. Upper Eocene. 


1. Exterior of right valve (after Stewart). 
4. Original figure of V. hornii (after Gabb). 


a, s Vauanaaaiie (eaayicep) lard ((GA) oocscccogpodnnddenccoensebce 33 


Hypotype, a left valve of a young specimen, (Stanford Univ. Paleo. 
Type Coll., No. 8018), from east side of Live Oak Canyon, Kern Co., 
California. Tejon formation (type locality), Upper Eocene. 


2. Exterior, < 1.5. 
3. Dorsal view, X 1.7. 


5 Om enenicardian (Bacifeorn)iehorniie (Gabb) epee eee eee eee EE eenee 33 


Hypotype, a left valve, (Stanford Univ. Paleo. Type Coll., No. 8019) 
from the same locality as figs. 2, 3. Tejon formation (type locality). 
Upper Eocene. 


5. Interior of hypotype. 

5a. Diagram of hinge. 

6. Front view of hypotype, showing low convexity in contrast with PI. 
19, fig. 1. 


jiemsenericardia|(Raciicorn)mnorniie (Gabber eeee eee eee eee eee 33 


From the same locality as figs. 2, 3. Tejon formation (type locality). 
Upper Eocene. 


7. Hypotype, hinge of right valve, (Stanford Univ. Paleo. Type Coll. 
No. 8020). 
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EXPLANATION OF PLATE 19 (58) 


Figure Page 


1, 5, 6... Venericardia \((Racificor)) gabbu Vierastecul, nespa) sacra rarest tice 30 


Holotype, a right valve, (Cal. Acad. Sci. Type Coll., No. 686), from 
Grapevine Canyon, Kern Co., California. Tejon formation. Upper Eocene. 


1. Anterior view. 
5. View of hinge. 
6. Exterior. 


2, 3, 4. Venericardia (Glyptoactis) marksi Verastegui, n.sp. ............-. 44 


Holotype, a right valve, (Stanford Univ. Paleo. Type Coll., No. 8021), 
from east side of Live Oak Canyon, Kern Co., California. Tejon formation 
(type locality). Upper Eocene. 


2. Interior of holotype. 
2a. Diagram of hinge. 
3. Exterior of holotype. 
4. Dorsal view X 1.5. 


as, Wenericardias (Racificor)) horn s(Gabb)) ene 33 


Hypotype, a young specimen, right valve, (Calif. Acad. Sci. Type Coll., 
No. 7728), from east bank of Live Oak Creek, about three-fourths of a 
mile from the mouth. Tejon formation (type locality). Upper Eocene. 
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502 
EXPLANATION OF PLATE 20 (59) 
Tigure Page 
I, 4, 5. Venericardia (Pacificor) clarki Weaver and Palmer .............. 32 
Hypotype, both valves in attached position, (Stanford Univ. Paleo. 
Type Coll. No. 8022), from bluffs along Cowlitz River below mouth of 
Drew Creek, east of Olequa, sec. 34, T. 11 N., R. 2W., Little Falls, 
Lewis Co., Washington. Cowlitz formation. Upper Eocene. 
1. Anterior view of hypotype. 
4. Exterior of left valve showing weathered area. 
5. Exterior of right valve; dashed line shows true round outline. 
2, 3. Venericardia (Pacificor) clarki Weaver and Palmer .............. 32 
Holotype, a left valve, (Cal. Acad. Sci. Type Coll. No. 7430), from the 
north bank of Cowlitz River near the bend in sec. 28, T. 11 N., R. 2 W., 
Little Falls, Lewis Co., Washington. Cowlitz formation. Upper Eocene. 
2. Interior of holotype. 
3. Exterior of left valve of paratype No. 7430-A X 2. 
6. Venericardia (Pacificor) clarki Weaver and Palmer .............- 32 


From about 1 1/2 miles W of Vader, Washington, Cowlitz formation. 
Upper Eocene. 


6. Hypotype, hinge of left valve, (Cal. Acad. Sci. Type Coll. No. 7727). 
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EXPLANATION OF PLATE 21 (60) 


Figure 


1,25) Menentcandia \(\baciicon) lisa, Verasteguinmnespstaiecee eee eter 39 


Holotype, a right valve, (Stanford Univ. Paleo. Type Coll. No. 8023), 
from bluffs along Olequa Creek at Old Ainslee Mill, T. 11 N., R. 2 W., 
Lewis Co., Washington. Cowlitz formation. Upper Eocene. 


1. Exterior of hypotype. 
2. Interior of hypotype. 
2a. Diagram of hinge of hypotype. 


3, 4. Venericardia (Pacificor) weaveri Verastegui, n. sp. .........-...ee200 31 
2" 


Holotype, a right valve, (Stanford Univ. Paleo. Type Coll. No. 8024), 
from SE bank of Stillwater Creek, 1 1/4 miles NW of Vader, Washington. 
Cowlitz formation. Upper Eocene. 


3. Exterior of hypotype. 
4. Interior. 
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EXPLANATION OF PLATE 22 (61) 


Figure Page 


1-3. Venericardia (Leuroactis) popenoei Verastegui, n.sp. ..........---+-- 62 


Holotype, a left valve, (Univ. Cal. Invert. Pal. Type Coll, No. 15689), 
from Uniy. California at Los Angeles loc. L-581, on east side of main 
branch of Sespe Gorge, Ventura Co., California. ‘Coldwater’ formation. 
Upper Eocene. 


1. Interior of holotype. 

1a. Diagram of hinge. 

2. Exterior of holotype. 

3. Anterior view of holotype. 


PALHONTOGRAPHICA AMERICANA Nor 25,.b 22 


Pl. 61, Vol. II 


REE UNOS: oa-eG)e GOOG MDD cdl DISo enc iocisisicls sles clerics cleiniricrsiare cle 
Paleozoic Paleontology and Tertiary Foraminifera. 
eRe ee INOS am 2o) eu SOL DP) SON PIS+0 (oisjcicls,sicteie\sielelelecefnlelsieie’s) calc 
Corals, Cretacecus microfauna and biography of 
Conrad. 
RON Veen INOS (S084) G4 Psp ein ISG) | cieleiesercisjalelescteisiclelsteverisinre se 
Mainly Paleozoic faunas and Tertiary Mollusca. 
ERORV oat CNOS. 2 68-9495) 30 BUO7 PDD ari U ei DISouefeineficieteteicicteeiecieererelouste 
Paleozoic fossils of Ontario, Oklahoma and Colombia, 
Mesozoic echinoids, California Pleistocene and 
Maryland Miocene mollusks. 
enV (NOS. 95=100)5 (420) spp); 58) pS! nics selves ceistareiare’ale eisielsiale 
Florida Recent marine shells, Texas Cretaceous fossils, 
Cuban and Peruvian Cretaceous, Peruvian Fogene 
corals, and geology and paleontology of Eeuador. 
Nok VMs UNOS 0101108) .5 S16) DD. SGr DIS) | cccisisjstosiaiciciciniciels a sre ete 
Tertiary Mollusca, Paleozoic cephalopods, Devonian 
fish and Paleozoic geology and fossils of Venezuela. 
MOR MEN CNOS. 109-114). 412) pp. 54 pls. axe siacewweers cinieslausete 
Paleozoic cephalopods, Devonian of Idaho, Cretaceous 
and Eocene mollusks, Cuban and Venezuelan forams. 
eae CCNOss LIS-01G6)2) 738; pp, 52) PISS jae cere eis cicicic clo aleiare viel 
Bowden forams and Ordovician cephalopods. 
SORORG CO NOs SE LY) xr) DGG) DP:;) GD) DIS? eek ars ic/elere ccieieresis sie sieusiece cies 
Jackson Eocene mollusks. 
okeN Me UNOS ILS-E25)., 458 Pps, (20 Si) »<vtele wicvalers/e cislalclelercieiereelst 
Venezuelan and California mollusks, Chemung and 
Pennsylvania crinoids, Cypraeidae, Cretaceous, Mio- 
cene and Recent corals, Cuban and Floridian 
forams, and Cuban fossil localities. 
KOM MM (INOS: ULe9-1oa).. 294 DP; GO -PISH < xtc wciweiscreisrsieein nines wisciere 
Silurian cephalopods, crinoid studies, Tertiary forams, 
and Mytilarca. 
NOKOMIS ONOS.) 1o4-150)5 448 (ppl, DL Gplsi. ceca tetseccis sicielcineleierm clare 
Devonian annelids, Tertiary mollusks, Ecuadoran 
stratigraphy and paleontology. 
XXXIV. (Nos. 140-144; 145 in press). 
Trinidad Globigerinidae, Ordovician Enopleura, Tas- 
manian Ordovician cephalopods and Tennessee Or- 
dovician ostracods, and conularid bibliography. 


PALAEONTOGRAPHICA AMERICANA 


Volume 1. (Nos. 1-5). 519 pp., 75 pls. 
Monographs of Arcas, Lutetia, rudistids and venerids. 
I, (Nos. 6-12). 531 pp., 37 DpIS. ........cccceecnssecceeves 

Heliophyllum halli, Tertiary turrids, Neocene Spondyli, 
Paleozoic cephalopods, Tertiary Fasciolarias and 
Paleozoic and Recent Hexactinellida. 

Ill. (Nos. 13-25, other numbers in preparation.) 

Paleozoic cephalopod structure and phylogeny, Paleo- 
zoic siphonophores, Busycon, Devonian fish studies, 
gastropod studies, Carboniferous crinoids, Cretaceous 
jellyfish, Platystrophia, and Venericardia. 


8.00 


10.00 


9.00 


9.00 
10.00 
10.00 


8.00 


10.00 


12.00 


CONDENSED TABLE OF CONTENTS OF BULLETINS OF AMERICAN 


PALEONTOLOGY AND PALEONTOGRAPHICA AMERICANA 


Volume 1, 


Tit. 


XL 


XVL 


BULLETINS OF AMERICAN PALEONTOLOGY 


(Nos. 1-5). 354 pp., 32 pls. 

Mainly Tertiary Mollusca. 
CNos! 6210) 3 (347i pps, (23) DISA sseccierereleieleiatetele/aisleleterercieloyeier $15.00 
Tertiary Mollusca and Foraminifera, Paleozoic faunas. 
(Nos. 11-15). 402 pp., 29 pls. 

Mainly Tertiary Mollusca and Paleozoic sections and 


faunas. 
(CNosi 16-20) 5S 1GIs spre aO ep IS toy ereeseielelelelayerayererateteiaterersts 6.00 
Mainly Tertiary Mollusca and Paleozoic sections and 
faunas. 
(Nose i22=30)2> 437) pps Gre DIS: cate cists sieis spelaveveicievele-ctstsorave 8.00 


Tertiary fossils mainly Santo Domingan, Mesozoic and 
Paleozoic fossils. 


(No: (31). 268i pps SS pISSs cas. cc irseiemiciretielesie cteteycierers ... 10.00 

Claibornian Eocene pelecypods. 

(NO 232) 730) pps, 99) oplss iw ceteresorcrc ies svevere erelareleiaveiayalerstete 12.00 

Claibornian Eocene scaphopods, gastropods, and 
cephalopods. 

(Nos 933-36) eo c3h (spp; Lon DlS:pr-picreieresiercteletteleretais ier ctsine Fant Ut) 
Mainly Tertiary Mollusca. 

(Nosi<37=39)5-" 462) pp:,, SO DIS. Seiciaceisveiteiere ole eleroieleisielate ea ee00) 

Tertiary Mollusca mainly from Costa Rica, 

(Nos. 40=42)5 382 pp.) 54. DIS: ceicieicise « c.cicieloieiaieaieeicys oie ave 10.00 


Tertiary forams and mollusks mainly from Trinidad 
and Paleozoic fossils. 


(Nos, 43-46) 2720 pp Si alse fo crete aiaioieraialeleleieiclainieleereeicverate 7.00 
Tertiary, Mesozoic and Paleozoic fossils mainly from 
Venezuela. 
(Noss 47-48) 5 494 Spy SiS iDIsa Gissictereisietercieleiote tisiereloies cre svelers 7.00 


Venezuela and Trinidad forams and Mesozoic inverte- 
brate bibliography. 


(Nos3249-50).- 264 Ipps. (Te ipls.0 \. ceracineiisisietelemactortas ears 6.00 
Venezuelan Tertiary Mollusca and Tertiary Mammalia. 


(Nos! (51254) 5) (S06) pp p44 plsiiiersaiee cinematic stenco iar 9.00 

Mexican Tertiary forams and Tertiary mollusks of . 
Peru and Colombia. 

(Nos; 55-58) ‘314 pps, 80) DISs io cicjecc cocicicieieisseieie sinsisiere 9.00 

Mainly Ecuadoran, Peruvian and Mexican Tertiary 
forams and mollusks and Paleozoic fossils. 


(Nos: +59=61)— (140) ‘pp.., 48) piss Veekicne -icciccolnlersiioi er seme, 10,00 
Venezuela and Trinidad Tertiary Mollusca. 

(Nos: 62=63) 5 (283) 9pP.5 (33) DISS 2 ic secieies nie wclersielnieianiciee ate 7.00 
Peruvian Tertiary Mollusca. 

(Nos.- (64-67) © 286 “pps; (29) sic re. Sos acta reteisioeiateveteicjeterere £900 
Mainly Tertiary Mollusca and Cretaceous corals. 

(Nos 68). (272) ppl, (24 psi ceiiceveesicier wveccrie. wernt ateminves 9.00 
Tertiary Paleontology, Peru. 

(Nos. °69=70€)<— 266 spp:, 26 Piss. oc. cco ne eelaie er ale widivinicte 9.00 


Cretaceous and Tertiary Paleontology of Peru and 
Cuba. 
(NOS. 31-92) ¢5 S21: pps, Lapis: Tccureinie cecnreeiivierine Saueon. Ct) 
Paleozoic Paleontology and Stratigraphy. 
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A 

A calephalte sc: 199 
J ENCOPAY KEY 6) 0 Fae ee 196 
Acantharthropterum 334 
Acanthaspis 
Acanthodes 
Acanthodian 
Acanthodian scale, 

Warts) pats ae 119 
Acanthodian scale, 

EV DOS shoseeee-c see eee 

Acanthodii 
Acanthoides 
Acantholepis) 22...2-- 10 114 
Aclines; Mlorida, -----..--- 291 
Acme, North Carolina 245 


246, 248, 253, 256, 295 


Acraspedites  ...... 195, 200, 206 
Acraspedote ..... 196 
Actinoceracea 8 
Actinoceras ....9, 13, 35, 39, 40 
41, 43, 45, 47 
Actinoceroidea ............ 5-12, 16 
37, 48, 48 
Actinophyllum ............ 195 
Actinosiphonata 
Actinosiphonate 
aculeatus, Plectro- 

Gus) c.f ae 10 107, 128 
acuminata, Platystro- 

DH ay reese s ee  e 280 
acuminatus, Fusinus 292 
acuticostata, Veneri- 

Cardia: 2th 437 
acutispira, Fascio- 

IEF Fee a 250, 251 
acutum, Acantharth- 

OpLORUM ees eee 334 
PA amie Wise ae soee == 400 
adamsi, Lecythio- 

erinus) 2. 339 
Adelphoceras .............- 365 
Adhesive tentacles -..- 175 
AdkKinsy WS. --22-2--:- 185 
admirandus, Rhizo- 

stomites -....... 183, 195, 202 
adulta, Platystro- 

phian ess. 24 273, 275 


adversarius, Conus ...... 21 238 
aepynotum, Busycon ..247, 292 
aequilateralis, Pel- 


CY Ona) se 407, 430 
Aequoriidae ...... 199 
Afton, Oklahoma ........347, 348 
A PASSIZ VAS. ace. 61, 63, 74 

75, 78, 81 
IASI OSS A) cicccc-:2e2222-58c~= 231, 232 
Alenathay tee 2s 5. i 112 
alacris, Eucithara .... 239 
alaguaensis, Fusinus 292 
Alaqua Creek, Florida 292 
Aleimocrinus -.....--:---- 345, 346 
Aliso Canyon, Cali- 

fornia) <2... 447 
alisoensis, Leuro- 

actisy ee 49 404, 443, 446 

Veneri- 

candiagee 49 404,446, 449 
Alligator River .........- 95 
Alpena limestone 374 
Alpenoceras ...........----- 369 
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Alpha and Beta 


Dogger... 198 
alternata, Brooksella 194 
alticostata, Veneri- 

Candia (2-f.eee 434, 436 
Alum Bluff, Flor- 

16 eer 244, 251, 293 
American Museum 

of Natural His- 

COBY chen cts SAS 375 
AMM ON ls. estes 200, 204 
ammonius, Cyrtocera- 

LILES eessceccsc. 367 
Ammonoidea 7 
amoena, Platy- 

strophia -.....-. 273, 277, 279 

longicardinalis, 


Platystrophia 272, 273, 280 


Anaspidaviaee. os 105 
Anderson, R. H. Fund 396 
Aneuchoanitie ............ 10,13 
Aneuchoanitie neck .. 23 
annuliferum, 

“Cameroceras” 1 22, 25, 26 

28, 44, 47 

Annulosiphonate de- 

POSITS Hives te oes 42 
antaretica, Ptycho- 

PARLE Ace cee ee 190 
(An tia Chi ype ee eee 106 
antiquus, Acraspe- 

GILES wiss--s-6-2- 22 195, 200, 206 
antiscalaris, Volu- 

tilithes 
IAWIOX, Geccscerece 
Aphetoceras 


Apical umbilicus ........ 

upicina, Fascio- 
ibyety or ed 23 249, 251, 252 
254, 256, 287 

Leuro- 

aera 48 404,406 
410, 448, 450 
Megacardita ............ 449 
Venericardia 48 404,406 
410, 442, 448, 451 


aragonia, 
actis 


Venericor 
Archiacoceras 
Ardmore Basin, Okla- 

OM Aine 2a eee 
ardmorensis, Ethelo- 
erinus” 30 321, 323, 329 
arenivaga, Eucithara 239 
argentea, Pacificor .... 40 419 
Venericardia ...... 40 403,404 
413, 419, 432 
aristatus, Delocrinus .. 31323 


323 


336, 337 

Arkell, W.J., and Moy- 

‘Thomas, aicAy..=: 109 
AT IN St OM eee ese eect 110 
armatura, Delo- 

crinus 31 323, 336 
Armenistia ....22-:.20sce- 74 
Armenoceras .......------- 9, 45 
Arnold limestone ...... 323, 328 
‘Arthrodira, 22 105, 130 
Artificial genus .......... 109 
asper, HuSinuUSs)--=----- 292 
asteroides, Dactyloi- 

Gites ys. Ae 194, 195 
Asterosteus 106, 114 
Astontogeny 80 


AStrapism 4 Berne is 114 
Astylospongia 84, 197 
Ateleaspis ...... J 113 
Athleta 231, 238, 249 
Atolla ...... 3 201 
Atollidae ..... 201 
Atollites ..... 201 
Aturia 32 
aurantiaca, Fascio- 

lariasacse eee 250 
Aurelia) =. . 187 
Avenal sandstone ...... 450, 455 
azygous, Malaio- 

Chinus eee 31 321, 337 

B 

Bakers ebniCh ae. 233, 236, 243 
Bald Mountain 

limestone - 27 
Baltoceras 24 
Baltoceratidae A 5, 21 
anion eh alae 340 
barrandei, Naedyceras 366 
Barrandeoceras ......... Fy edi) 
bashiplata, Veneri- 

Cardiatec ie eas 
Bassaenia ...... 


Bassler, R. S. .... 
Bassler, R., and 
Moody, M. W. .....- 328, 347 


Bathmoceras .............. 6, 11, 37 
38, 43, 48 
Bathmoceratidae ........ 12 
Beatty, Anastasia ...... 225, 252 
Beaufort, North Caro- 
Jima A.ekeewetece eee 163 
beaumonti, Glypto- 
actis 434 
Venericard 434 
Beekmantown, New 
MOP Kis cicecevcecsteeorees 17, 18, 27 
bellarugosus, Helo- 
lepiswe ee 8 107, 120, 125 
Bell, W. A. . es 363 
Bells Landing, A 
eI aly cee eens casters 238 


Bellefontaine outlier 103,104 
Berry, Robert. 2225-0. 344 
bicincta, Medusina ....200, 206 
bicinctus, Medusina ....195, 206 


bifrons, Fusinug ........ 234, 292 
Bigelow eee 63, 75 
Big Tar Canyon, 

Californiatt = 455, 456 
Black River beds ........ 271 


Black River lime- 


stone 23, 35, 41 
blades ca 30 
blairi, Ulocrinu 327 
Bloomville, Ohio -..... ilitl 
Bohemia ens 42, 364, 380 
Bone bed localities ....103, 105 

108, 110 
Bosanquet township, 

@amaday yeeece-e-ceoe 378 
Botanical Garden 

Quarry, Montreal 279 
Boulevard Pie IX ...... 277 
Bowden formation .... 250 
Bowden, Jamaica ...... 250 
Bownocker Fund ........ 145 
bowsheri, Mooreo- 

CLIN Si eeecceecceeeenes 345 


Boyle limestone .......... 104 
brachiatus, Paradelo- 

crinus) =e 324 
brachynota, Platy- 

Strophiaves- ss 278 
Bracklesham beds .... 439 
Bradley shea eee 139 
brainerdi, Proterocam- 

CTOCGCLAS scree 1 25, 28 
brandaris, Murex . 93 
Brandt, Aves 199 
Brandt Hee 63 
Branson, E. B., and 

Mehl, M. G. .......... 114 
bredae, Fusinus ........ 292 
Brentwood, California 422 
Brevicoceras ............-- 366, 367 

371, 379 

Brevicoceratidae ........ 363, 365 
Brevicones .............----- 365 
breviplicatus, Cheira- 

canthoides! 2. == 8 107 

119, 121 

Bridge, Josiah ............ 
bridgei, Ellesmero- 

ceras 
Brogger ..... 
Broili, F, 
Broken Sword Creek, 

Ohios Ses 
Bronn, HG. 
Brooksella ..... 
IBrotzeny) Heyes 


Brownville formation 340, 341 
brownvillensis, Delo- 


crinus 
Bryant, W. L. ..... eRe 
bryanti, Phoebodus .... 9 107 

133, 139, 140 

Bucciniimy a= ee 240, 241 
Bucyrus Ohio 111 
Buffalo Museum of 

Sciences ees. 363, 374 
Purgess Pass, British 

Columbia) eres 61 
burnsii, Fusinus ........ 293 
Busyiconm ss 93-95, 163, 234 


240, 242, 243, 251, 289, 299 
Bybee, H. P., and Bul- 
lard) hae 
“By the wind sailors” 
61, 71, 73 


185 


C 


Calabasas Quadrangle 442 
calafia, Pacificor ....54, 55, 56 
406, 409, 413, 422 

Venericardia  ........ 54, 55, 56 
406, 409, 422 

calceolus, Ptycodus .. 12132 
caloosaensis, Fusus .... 294 


Heilprinia ....25 294, 295, 299 
Caloosahatchee, Flor- 

ida... 22... Se 251 
Caloosahatchee Plio- 

COMO <.sccecece 251, 290, 295 
Calyptracal sce 430 
Camarotoechia a 68 
cambria, Cyrtoceras .. als 

oatirawieeas see ce 194 
camerata, Platystro- 

phiag ca-eees ns 278 


“Cameroceras” ........ 22, 25, 26 

28, 44 
Canleroceras: =:.--<.:---- 12, 34,47 
Gamptaspise.. 114 


Camulos Quadrangle 415, 416 
Camulos Quadrangle, 


Californiaye------ 444 
Canada Geological 

SSUUVIOVs (eo eeees t= -- 376, 378 
canadense, Stereoto- 

cerasee = 38 371, 375, 381 
canadensis, Platystro- 

DNiaee so --see 24 276 
Canadian =. 2.e 2 es 13, 45 
canaliculata, Polydes- 

MIA. .issc..--dseest eee 39 
canaliculatum, Busy- 

COMMS Gre-e--ceset 2438, 244, 257 
Canyon, Texas) =. 174 
Capay formation ........ 420 
Cape Arago, Oregon .. 429 
Cape Lookout, North 

Carolinawe.2--------- 246 
Carbactinoceras tor- 

OV eee oe a tne 8 
carbonicola, Pota- 

MiIde@s) 22. .o5--ceececeext 407, 430 
Cardita 
earica, Busycon) 2. 695 


163-165, 244 


carinatus, Deiro- 


Lepisneee eee 9 107, 135 
carlosensis, Mega- 

Carditay 430 
Pacificor ...... 40 407, 417, 430 
Venericardia ...... 52 403, 430 
WeNeCLICOY ener ere 430 

carolinensis, Heil- 

DILINiayee ee 25 295, 299 
Cashaqua shale .. se 380 
Cassinoceras ...........- 11, 23, 41 
Caster, Anneliese 

Sh ease 62, 66, 174 
Caster, K, E. 

A new jellyfish 

(Kirklandia tex- 

ana) Caster from 

the lower Creta- 

ceous of Texas .... 169 
Two siphonophores 

from the Paleo- 

DOIG octet 57 
Casteroceras ...........--- 365 
Centerfield limestone 378 
Centroodnoceras .........- 45 
Centrosiphonata -.8, 39, 46, 48 
Cephalaspidae ..105, 113 
Chacra formation j 403 
Ghailllen's ert------e----<---=- 190, 226 
Champlain Valley -...7, 24, 372 
champlainense, “Endo- 

COnaS eee 25 
champlainensis, Platy- 

strophia ....24 272, 274, 275 
Chazy, New York ........ 19 
Ghazyaniwia-c es 5, 18, 23, 35 


Cheiracanthoides ........ 107, 108 
113, 119, 121, 138 
Chemin de la Céte 


St. Michel ...........- 277 
Chemung Devonian .... 366 
Cherokee shale .........-... 334 
chesterensis, Ulrichi- 

Crinusmee 33 345, 347 


Chester series _.345, 346, 348 


@hiliocerags, 2:22.50: 26 
Chilioceratidae -._....... 21, 24 
Chipola formation -..- 434 
Chlamydoselachus ...... 133 


Cholame Quadrangle, 


508 


California 
Chomatodus -...... 
Chondrichthyes .. 
Chondrophorae 
Chrysodomus .............. 
Chrysomitra .. 

Guay i Criiececesceeesczacesteess 
Cincinnatian series .... 61, 83 
Cincinnati-Nashville 

pitt 61 
Cincinnati region ........ 35,104 
citheron, Stereoto- 

Ceras: se 39 364, 371, 376 
Cladodont teeth .......... 133 
Cladoduss-= 133 
Cladolepis ..... ..--107, 133, 134 
Cladoselache ........ 106, 133,135 
Cladoselachidae  ........ 105, 133 
Claiborne, Alabama .. 239 
Clallam County, 

Washington ........ 445 
Clarks Hie 270 
ClarkioW) Bass: 95 
Clark, W, B., and Mil- 

ler} Bi vii as ee 247 
Clarke 63, 271 
Clarkeoceras 11, 20, 23 
clarki, Cladolepis -..... 133 

Ctenacanthus .......... 133 
Pacificor == 59 404, 414, 426 
Venericardia ...... 59 404, 425 
426, 454 

clavulus tumulosus, 

Ohioaspis .............. 107, 115 

116,117 
elayi, Athleta ........ 21 239, 240 
Cleveland shale ........ 133, 141 
Clewiston, Florida .... 290 
Clitendoceras .............. 27 
Cnidariay jo 63 
Coalinga Quadrangle, 

California ............ 450 
Cobleskill limestone 366 
Cobourg formation .... 280 


Coccostean cranial 
Plates; 28eets 
Coccosteidae 
Coeccosteus 
Coelacanthini 
Coelenterata -. 
Coelolepida .... 
Coelolepis ......... 
Coldwater formation 426, 457 
Coles WiiSit<2 4 2<" 363 
Coleman; AS 2a 308 
colosseus, Hemifusus 228 
Columbus formation ..103, 129 
132, 144 
Columbus limestone ..113, 366 


Colus; 22. 239 
colus, Fusinus 234 
Comanchian ................ 173 
comis, Cheiracan- 

Lhoides een 8, 12 107 
119, 121 

compressus, Cyrto- 
ceratitess= 367, 368 

comptus, Cheiracan- 
thoidesi == sae 8, 12 107 
1135119) 121 
Conariale 71, 74 
Cones: 3... eee 23,30 
confusa, Brooksella .. 194 
Conlin eee 174 
Connecting rings .... 5,10,16 
Conodont beds ............ 106,141 
Conodontsi 109 
Conosauga shale ........ 185, 194 
Conrad) DevAye 94, 163, 246 
293-298 


constricta, Palaeo- 


MOM Oi22rewcecceccesceeacace 
Contra Costa County .. 422 
contractum, Naedy- 

ceras' 4.272.. eS 366 


contrarium, Busycon ..6, 15,22 
25 94, 163, 164, 244 
257, 290, 299 


Conulaniids)==— 83 
Conus 236, 238 
Cooke, C, W., and 

Mossom, §S. .....----- 290 
Cooleyellay: =... 2 a2 133 
Cooper, G. A. 271, 374 
Cooperella ....... .-133, 138 
Coosa ‘shale | --..... --185, 194 
Copeland) yD iene 174, 186 
Coreanoceras ..........---- 30 
Cornell University 62, 363, 379 
Coronatay eee 197, 201 


coronata, Fasciolaria 249, 250 

coronatum, Busycon ....22 247 
249, 257, 290 

coronense, Menisco- 


Cerasy ies eee 212,30 
Corryville member .... 61, 83 
Cortland, New York .. 61, 62 

68, 71 


cortlandensis, Plecto- 
discus) = frontispiece, 4 
61, 65, 69, 76, 80 
Cossmann, M. ...... 231, 243, 296 


costata, Medusina ...... 194 

Spatangopsis ...... 196 
Cowlitz formation ...... 426, 434 
(Cram penne eee 176, 187 
Crane, Frank ...... 323, 326, 332 
cranei, Paradelo- 

(Cninis) Sees 29 323, 324 
Craspedacusta - - 189 
Craspedonites 199 
Craspedote) ---.--.--------- 197 
crassus, Palaeomylus 132 
Crawford Co., Ohio .... 111 
crescentensis, Leuro- 

ACtIS) rss. 45 406, 443, 445 


ee 45 406, 408 
409, 445, 449 
cristata, Rataria ...... 74, 75, 78 


Venericardia 


Croneis,)C:, --:---- a 109 
Crossopterygli ...........- 106, 142 
Crown Point, New 
RY. ORK 25 Aare eens 31 
cruciferum, Brevico- 
COLAS see eee 381 
Gomphoceras 381 


Stereotoceras ___..Bb 364, 381 
83 


Cruziana 
cryptophya, Paropso- 

nema 
Ctenacanthus .... 
Cumings, E. R. 
Cumings, E. R., and 


Mauck, A. V. ........ 271 
C@umarehane. cents ---- = 205 
Cunningham, J. T. ...... 242 
Curtus) Sipho) -sss--- 241, 242 
cuvieri, Venericardia 434 
Cyclendoceras ...........- 36 


Cyrthoceratites ....367, 368, 369 
@ymtocenay se 367, 368, 369 
Cyrtoceracea ... 
Cyrtoceras 
Cyrtoceratites 
Cyrtocerus 
Cyrtoconic [correct- 

ed] 
Gyrtoconic --.:-...-. 
Cyrtochoanitic - 
Cyrtochoanites ............ 


369 


Cyrtorizoceras ............ 367 
D 

Dactyloidites .............. 188, 194 

Dall We Hee 93, 226, 232 


235, 291-295 
Dall, W. H., and 
Harris, G. D. ..94, 244, 248 
d’Archiac, E. J. A. D., 
and Verneuil 
Davis, Eugene 
Dawson, J. W. . 


Dean; (Bs, Sc ee 128 
de Blainville, H.M.D... 71 
decussata, Ficus ........ 21 


Deese formation 
De Fleurimont Street, 


Montreal] eae 275 
Deirolepis) eee 107, 125 
138, 135, 138 

De la Beche z 367 


Delaware formation ..103, 114 
129, 137, 141 


Delaware limestone .. 374 
Delaware, Ohio .......... 103 
Delocrinus) =e 323, 324, 337 
Dental formula, 

Venericardia ........ 405 
Dental notation, 

Venericardia ........ 405 
Denton County, 

Texas, i222. 173, 186 
deperdita, Acalepha ..199, 200 

Craspedonites _...... 200, 206 

Medusina eects 195, 206 
depressa, Cyrtocera ..367, 368 

Cyrtoceratites _........ 368 
depressus, Cyrtocera- 

LIEGS* s-eee 367, 368 
Des Moines series ...... 334 
Detritivores ................ 105 
Devonian bone beds, 

Ohiojee== 99, 103, 104 
Dextral! i2..5:-25 Aca 243 
diabloensis, Pacificor 413 

Venericardia 
Diademoceras ....... 
Diagenodont ......... 
Diaphragmidae 
Diaphragms ......... 
Dibranchiata .............. 
diegoana, Calyptraea 430 
diluvianus, Conus ...... 21 238 
Dinich thy sg) esses 141 
Dinorthis ee 280 


Dip Creek formation 433 
Diplodus 
Dipnoi 
Dipteridae 
Dipterus 
Discomedusae 
Disconanthae .... 
Disconula 
Discophyllum .... 
_Discosoroidea 
disculus, Paradelo- 

crinuss 31 323, 325 
distans, Fasciolaria .. 249-251 


Dittodont teeth -......... 133 
Dittodus! cee 138 
Domengine formation 423 
domenginica, Glypto- 
actiswesse 52 409, 435, 437 
Venericardia ...... 52 409, 437 
dornickensis, Plaxo- 
Cringe ee 30 323, 333 


Dornick Hills forma- 
tion ..323, 325, 326, 329-339 
Douglas County ........ 419 


a ee ee SS ee es eee ee PEO 


~o. 9 


Douglas group .......---.- 344 
Downtonian .-113, 128 
Drepanaspidae ....... --105, 112 
Drepanaspid plates _..8, 10, 11 
12 107, 112, 132 
Drepanaspis ...............- 112 
Drew Creek, Wash- 
BNETON: 9 2ciccacc-- eee 427 
dublinensis, Acan- 
thodes: 22c2.¢---c-.-s: 105, 127 
Acanthoides .8 107,118, 120 
126, 127 
Duncan, Helen ...........- 7 
dunkeri, Fasciolaria .. 250 


Duplin County, North 
Carolina) 2.-.:--s-5--- 94, 244 


Duplin Miocene .......... 290 
duponti, Venericardia 402 

Venericor 402 
(ham: Je \Wer eccseeee-22- 399 
durhami, Pacificor 46 413, 417 

Venericardia ...... 46 417, 419 
Dusenbury, A. N. ........ 400 
dussumieri, Ficus ...... 21 [237] 

E 

East Liberty, Ohio -... 111 


East Liberty bone 
pedi 2s..28; 103, 104, 115, 122 


HMastman) C. Re) =2:.-.-- 105 
eastmani, Gyracan- 

CHU See eee 8 107, 129 
echinatum, Busy- 

PONS oe eee Ae 93, 95, 163 
Ectenoceras ..............-- 14 
Edenhouse Point, 

North Carolina .... 298 
Eganville, Ontario ...... 280 
egens, Platystro- 

10) WC Nene ok ee 


Egg capsules 
Hifel, Germany 
Elasmobranch teeth .. 


IAS tOCASts) c:cec----e---<— 
Ellesmereland .... <e 
Ellesmeroceras 
Ellesmeroceratidae .... 5,8, 14 
46, 48 
Ellipochoanitie —........ by all 
Ellipochoanitic Endo- 

Caron (yn ae eee 27 
elliptica, Grammysia -. 68 
UMS) Oe. escetesc. eee 243 
Empresa Petrolera 

Fiscal del Peru .... 400 
Wnidoceraceay eite-s-------- 8 
“Endoceras” 1 25 
Endoceras ........ 23 
Endoceratidae 20, 21 
Endoceroid -.. 20 
Endoceroidea 5, 48 
Endocones ...... 22 
Endosiphotube 22 
Ephyropsites 195 
Mniank sess 103 
Erie Co., Ohio ... 111 
eryx, Gyronaedyceras 366 
Eschscholtz, F. .........- ma 199 
Ethelocrinus ........ 323,326-333 

342, 343 
Huarthrodita, 2.2.:------- 106, 130 
Mucithara, S220 5 2 239 
eugenium, Naedy- 

Ceras) 2. eee ses). 
Eurysiphonate 
Eurystomites -......- 


143 


Eusthenopteron 
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excavatum, Busycon.. 22,23 


247-249, 257 


exilis, Fusinus ............ 25 293 
eximia, Camarotoechia 68 
Bxocyrtoceras )-----.:.-. 366 

expansum, Naedy- 
COL AS) gac--=-senscecncee 366 
Trochoceras ............ 374, 375 

explanator, Cassino- 

Ceras..<... see 11, 23, 41 

extensa, Platystro- 
De --t- eee 272 
Eyelet, =e ree 5, 10, 16, 23 
26, 27, 48 

F 

Haber bund) sees 7, 62, 174 
Falicilituites -............... 19 
Halsifiusuisi.s.sesee ee 235 
Fasciolaria -......... 242, 249-254 


256, 257, 289 
Fayetteville forma- 


AON pees sz. oe 346, 348 
felis, Platystrophia .... 24280 
Fenestrellina 


Ficus 
TICUS HNCIS) te 
filamentosa, Fascio- 


LEW os C2), eae ae eee cee 250 
filamentosa glabra, 
Hasciolariay =....~ 250 
ber, IMO) Aa ea. 21 
filicata, Hesperi- 
Sterniaw 25 296, 297, 299 
Peristernia, 2.-...-..: 296, 297 
Ie ow EA ISIS Aly ee-ehoacoseeee 230, 233 
flexuosus, Orthocera- 
tILGS SV oeeee oes 367, 368, 369 
floridanus, Conus ........ 21 238 
floweri, Palaeoscia ....5 61, 82 
Phoebodus ....9 107, 1383, 139 
lower Rs Het 62, 63, 365 
Flower, R. H. 


Notes on structure 
and phylogeny of 
Eurysiphonate 
cephalopods 

Stereotoceras and 
the Brevicocera- 


tidac ee 
Nloenstesp Ames cs ose 
Foersteoceras 
Hoord, Ay He 
INOPIN GCS yee eee 
Horm) ‘genius! =22:-- ¢ 
forskali, Polycolpa .... 205 
Fort Anne Quad- 

rangle, New York 27 
Fort Boykin bluffs, 

Mirginiay 2: 293, 296, 298 
Fort Cassin beds ........ 16, 24 
Fort Cassin, New 

IYOT Koes sezen sxe 25, 26 
Fort Denaud, Florida 290 
fossatus, Protitanich- 

thvs), eS 130 
Fossilium Catalogus .. 194 
francesae, Veneri- 

Carian a eeteee 410, 412 
frangens, Rhyncho- 

Gu sien ee 132 
Franklin County ........ 110 


Fresno County, Cali- 
ee a 442, 450, 455 


fornia 
Huchs sa) = 
NRA IEA Op ee eee Pes eee 
fusiforme, Busycon .... 22 246 
249, 257, 290 
fusiformis, Lecythio- 


crinus 
FU SINUS) Sette onc ast wanes 228, 231 
233, 292, 299 


TMOG. cesses 228, 231, 233, 249 
fyfei, Venericardia -...411, 432 
fyleri, Cladolepis ........ 133 
G 

gabbi, Pacificor .......... 58 409 
418, 424 

Venericardia .............. 58 409 
421, 424 

Gainesville clay .......... 185 
Ganlosteuspee steers 112 
Gardner; J. 22. 234, 247, 293 


296, 298, 399 
Gardner, J., and Ald- 


TAGS Ws Web essere 297 
Gardner, J., and 

IBOWIeSsiHl. seeecreeee 400, 405 
Gastropoda 93, 227 
Gaviota formation -....426, 434 
Geisonoceras .............. 42 
gemundensis, Drep- 

anaspisé (72..328 792 


Gemiindina _.. 
Geneseo shale 
Geological Survey of 


Canada: cee 363 
geryonides, Palaeose- 
maeostoma. .........- 194, 197 
gibbosum, Naedyceras 366 
Stereotoceras _.... 35,37 364 
371, 377, 378 
gigantea, Fasciolaria 250 
girtyi, Alcimocrinus .. 345 
glabra, Fasciolaria .... 250 
Glans 434 
Glide, Oregon ............ 419 
globosa, Platystro- 
phiate eS ee 279 
Glossophora ................ 232 
Glyptoactis ....399-404, 406, 408 
409, 411, 434, 438 
Glhyptolepis. 2-02 2s. 142 
Gnathite —..... 112 
Gnathostomata 118 
Goldfuss, G. A. ............ 367 
Goldringiay 365 
Goldthwaite, J. W. -.. 308 
Gomphoceracea ... 
Gomphoceras .............- 
Gonadsit2-)-- 


Gonionaedyceras 364, 366, 367 
Grabaut Ayes 93, 226, 233 


247, 292, 293 
grabaui, Dittodus -.... 140, 142 
gracilis, Colus -.. 239 
Graham, J. J. 399 
Grammy slaw 68 
granulosus, Delo- 
Crinuste -=:)-S le 337 
Greggs Landing, Ala- 
bama ...5.. eee 238 
Grignon, France . 439 
Grosss0W. <2... 118 
Grondinesi=--2-.--e 279 
Gunnell, F, H. ....118, 128, 133 
gunnelli, Cladolepis ... 9, 14 
107, 133-135 
Gyracanthus tess: 129, 130 
Gyroceracones ... 
Gyronaedyceras - 364, 366, 382 
H 
Hackney Awe Gases 163 
hadra, Venericardia .. 434 
Hadrophyllum’ <..:.2...--- 103 


Maekels, (Hs) aces ee 61, 74, 81 
84, 190, 199 
Haekel’s biogenetic 

law? 22 -Sehe 48 
Haentzschel, W. ... 189 
Halicreasieees eee 199 
Halll feB5 Bai ceecceteaverces 400 
Halle tie. ee 374 
Hall, J., and Clarke, 

B Serre en escent eee 69 
halli, Stereotoceras 34 364 

374, 375 
Hallocerase ee 365 
halmodeus, Cocco- 

steus| 222 131 
Hamilton beds .. 378 
Hammondella 133 
Handbuch der SEE 

nosie ...... cae 367 
Hardy; CC. Te eee 132 
hardyi, Acanthoides .. 8107 

120, 126 
Harget, See sorte 111 
Harmer, F. W. 
Hannisit Gav D ees a 
HarristiGisheees 226, 227, 228 
hatcheplata, Veneri- 

Carndiaje ae 
Hedley, C. .... 

Heilprin, A. 

Heilprinia -...289, 290, 294, 295 
Helolepis ..-L07, 120, 125 
VOM IPS US) esse eeceeencaoee 228 
Hendry County, Flor- 

Ida ee eee 292 
ler coceralste-sses-seee=ee 365 
Hermitage formation 272 
hermitagensis, Platy- 

BLrOp hayes neers 
Hertlein, L. G. ae 
hertleini, Pacificor .... 54 409 

413, 417, 418 
Venericardia ...... 54 417, 418 
Hesperisternia ....289, 290, 296 
heterodont .............----- 405 
Heterostracan 3 114 
Heterostraci 105, 112 
Hexarhizites .-.-195, 204 
heynemanni, Fascio- 

1 EY ot Fe ee 250, 251 
hijuana, Veneri- 

cardia ....403, 410, 411, 420 
Hindeoceras) <.-.-.....------ 365 
Hinge anomalies, Ven- 

ericardia, i et.s-06 405 
Hlubocep, Bohemia .... 311 


Hobo Quarry .... 


Holme Gy 

Holmesella -......... , 188 
Holochoanitie ~.......... 5,7 
Holochoanites 11, 20, 21, 31 
Holoptyebius® --------.-- 141, 142 
Homoadelphoceras ....365, 380 

Honolulu Oil Cor- 
poration 400, 437 

horatiana, Veneri- 
Candiaipece--=- 404, 410, 442 
451, 452 
hornii, Megacardita .... 430 
Meretrix® \:2.25-2 447 
Pacificor <--.-= 406, 409, 414 
Venericardia -....... 57, 58 406 


409, 427, 418, 420, 421 
422, 424, 447, 450, 454 


WenericOn ce 430 
Horry County, South 
Carolinaiecce- 246 
Horseshoe crab .......--- 186 
Howell; Bak. 2: a 174 
Huene, F. von, 198 


Hull; Quebec) <-.-.---.-.: 280 
Hungry Hollow for- 
MAtlON) pescees-e 378 


Hussakof, L., and 
Bryant, W. Et eet 129, a3? 
Ds fyb. ene beeece ese 4 


Deliver te At cosseee ees. aon “71-20, 5 
227, 380 
Hydromedusae ...........-.. 61,173 
189, 205 
Hydrozoa ........ 63, 174, 175, 181 
Jehigonehal Ma 180 eee 72, 189 
Hyphalmyroplank- 
COnTC™ csr ee 80 
hystricosus (tumu- 
losus), Ohioaspis 107 
abby ally 
I 
Jatan formation .......... 344 


iatani, Ethelocrinus .. 32 343 
Ichthyodorulite -......... 105 
Icla shale, Bolivia ....195, 198 
Iidiacamthus|) see 133 
idriaensis, Ostrea ...... 407, 430 
imbricata, Venus ....... 410 
Venericardia .......-..:: 410 
impositus, Ohioaspis 8 107 
116, 117 

impressum, Stereoto- 
cCerase es 36, 37, 38 363 


370, 378, 379 
incerta, Platystrophia 24 276 


incile, Busycon ........-- 22 247 
249, 257, 290 

Index Animalium ...... 370 

inferaplica, Platy- 

SErOphi aye eee 272 
insignis, Hexarhizites 195 
Int. Rules Zoological 

Nomenclature ...... 368 
TMGerr addins soe eee 177, 182 
interstriatus, Latiro- 

EWS US ies ceee cose sees 235 
Intra-Coastal Canal, 

INCA ee 95 
Ione formation .......... 447 


ionense, Venericardia 450,451 
452, 454 
ionensis, Veneri- 


cardia ....447, 448, 450, 454 
Iredale i: 2228. wees 228, 230 
Ischnacanthus =e 128 
islandicus, Colus ........ 239 

241, 242 

Sip h'o yess ssh. eee 241 
Tthacas beds) 2---....--: 61, 68, 366 
Ithaca formation ........ 379 

J 

Jackson, Mississippi 239 
Jackson’s law ...........- 80 
Jefferson formation ....103, 114 
Jefineys; JeaGaeees ns. 236, 239 


“Jellyfish” .... 
Jelly fishy tates --- 
Jennings Co., Indiana 
joaquinensis, Leuro- 
actis: acs. 50, 51 444, 454 
Pacificor ....406, 409, 449, 450 
Venericardia 50, 51 406 


Johnston, D. W. ... 400 
Johnston, W, A. .........- 311 
Jongmans, Halle, and 
(Gothang 109 
Juncal formation - 417 
junonia, Voluta _........ 233 


jurassicus, Ephyrop- 


510 


Bites, PMs. sccse 195 
K 

Kay; Gp Me Sense 271 
Keen, Miya) sate 399, 436 
keenae, Glyptoactis .. 40 404 
406, 434, 435 
Venericardia ............ 40 404 
406. 434, 485 
kellogi Eurystomites 116,17 

Kern County, Cali- 

FRO NRIOW Ey peeeeeeee eeroeree 428, 438 
Kesteven, H. L. ....228-231, 236 
PACT Sin cones ceeeencee eee 142 
Kiddville layer ... 104 
Kief, Oklahoma 341 


...176, 183, 186 
187, 197-206 
Kiewitz Quarry, Neb- 


Kieslinger, A. 


Taskay bee es 345 
Kindle, E., and Mil- 

Ter? pA: Koy. eee 381, 389 
kindlei, Fasciolaria ....251, 254 
Kingena). 2: cetest kes 185 
Kings County, Cali- 

FROWN Seeaesceeceere ee 455, 456 
Kirkella 
Kirkfield 
Kirkland, Forrest 

frontispiece 
Kenklandiayy cessseeseesseeee 


Kirklandiidae -............. 

Klondike member ...... 141 
Kobayashi, T, -....... 5, 21, 45-48 
Kochoceras ...... 47 
Kophinoceras .. 365 
Kotocenaste se 23, 30 
kroyeri, Fasciolaria ....254-256 


Plicifusus ....28 254, 308, 310 
L 

La Belle, Florida ........ 290 

laeve, Cyrtoceras ...... 367 

La Jolla formation .... 437 


Lake Murray, Okla- 
NOM Bee eae 324, 325, 331 
Lamarck, J. 


Lansing group 


aotinaie ee 81, 185, 194, 195 
La Petite Chaudiére, 

Ottawa 2 35 
La Rocque, Au ....225, 307 
La Rosa, A. Gabrera .. 400 
Marval shelly cess 226 


Las Virgenes Canyon, 
California 
Latirofusus) ---2--22:: 
Lecythiocrinus 
Leloup, E. ......61, 71, 74, 78, 81 
lentiexpansum, 
Stereotoceras ....36,37, 39 
364, 371, 377, 380 
LePage Station, Que- 


bee#e 2s 57.2 eee: 273, 275 
Lertobrachites ............ 206 
Lethaea Geognostica 368 
leura, Fasciolaria 250 
Ge urOactis) s-------e 399-409, 411 

447-457 
Leurocycloceras ........ 42 
TGeVALU SUS eee 235 
Levorsen, A. I. 400 
Lewis County, Wash- 

Instone eee ee 427, 434 
liasica, Medusina ........ 195, 198 


libertiense, Busycon .. 247 
lignaria, Fasciolaria .-. 250 
Lindstraemella .......... 69 
lindstromi, Medusites 194 
Linnarsson, J. G. O. -... 84 
linnarssoni, Bathmo- 

COLAS) ioeccsccecee-o- sees 39 
lisa, Pacificor ........ 60 409, 413 

433, 484 

Venericardia .....- 60 409,413 

433, 484 

Lithocyst clubs. ........ 175 
lithographicus, Rhizo- 

stomites -... ci 195 
Litorina (sie) 233 
Little Falls, Wash- 

HOES KO) Mh 8 eneecemperecetc so 427 
Little Monty Bay, New 

B'G(0) i) Gaps e 19 
Live Oak Canyon, 

Californias Ses 428, 438 
Live Oak member ........ 438 
Llajas Canyon, Cali- 

TODD GUE yetee eee epee 423 
Llajas formation ...423, 437 
Lodo formation 411, 414 

420, 486 
Mogan Cos Ohio = 111 
longa, Platystrophia .. 24 279 
longicardinalis, Platy- 

strophiage 272, 273 
longirostris, Fusinus 292 
longissimum, Vagino- 

ceras 3 41 
Lophosteus ... 142 
Lorenzinia 195 
Lotorium 236 
Love County, Okla- 

Nona 324, 328-331 
oxo tremay ©... seers o-oo 407, 430 
Ludlow bone bed ........ 128 
Tardlows)TOCKsS) =----sessss5 367 
lutmani, Pacificor ..46, 47 404 

413, 420 
Venericardia ........ 46, 47 404 
420, 423 
M 

MacAlpin, Archie ........ 174 
Machaeracanthus ...... 105, 107 
109, 118, 129 

macisaacsii, Phoe- 

DOCU Siete eee 139 
Macropetalichthyda .... 106 
Macropetalichthys 132 
magellanica, Scaph- 

ellay ss 226 
magister, Ethelo- 

CMiNWS! see eee 327 
Magnolia, North Caro- 

Lima ieee Sees 94, 244, 248 
magnus, Ethelo- 

Chinus) o==ee 30 330 
Main Street lime- 

StONeSit-te eee 185 
major, Machaeracan- 

CHWS) oon es ee 13 107, 118 
Malaiocrinus ...820, 337 
Manchuria ..... 13, 45 
Manchuroceras eee BAY 
Manchuroceratidae .... 21 
manipuli 109 
Mansfield, W. C. 292 
Manubrial area .......... 176,178 


180, 181, 205 
Marble Cliff station, 


Ohio es 110 
Marcellus formation .. 118 
Marion County, Ohio .. 111 


Markley formation .... 427 
Marks, Jay Glenn ...... 438 
marksi, Glypto- 
actis),.- 222-2 58 434, 438 
Venericardia ............ 58 404 
410, 434 
Marquette Street, 
Monitreallgees ees 275 
marquisi, Ethelo- 
erinus)3. 327, 331 
Parulocrinus .......... 327 
Marsh Creek, Cali- 
fornia te 422 
Martin, G. C. ... Le 246 
Martinez group .......... 415, 432 
440, 442 
Marysville Buttes, 
California 420 
Mattei PAN Caen 400 
Mauryama limestone -. 45 
maximum, Cyrtoceras 370 
maximus, Nautilus .... 370 
Maysville subseries .... 61, 83 
McEwan, EH. D. ....271, 272, 275 


McGuire, Paul ............ 
MecMasters, J. H. 
memastersi, Glypto- 


actis’. seen 52 435, 436 
Venericardia ..... 52 410, 436 
MeMillan formation .... 82, 83 
Meadow limestone ...... 345 
Meadow, Nebraska ...... 345 
meadowensis, Mooreo- 
crinus)-- ee 32 344 
mediaplata, Veneri- 
cardiay 402, 410, 445 
Medusae Fossiles ........ 194 
Medusina, ..22= 84, 194, 196 
Medusites .............. 84, 194, 196 
Megacardita ......- 437, 449, 454 
Meganos formation .... 422 


megastropha, Veneri- 
cardia 
Melongena 
Melon-grooves ... 
Meniscoceras 
Meretrix 
Merriam Jin © iescsesseecnees 
merriami, Leuroactis 47 399 


Turritella 
Venericardia 
443, 446, 447, 450 


mesacostalis, Spirifer 68 
Metamenoceras .......... 41 
meyeri, Falsifusus .....- 235 
KWISUs’ ...:. eth Temes 235 
Miami Stone Com- 
Dany. Ohio) 110 


Micmac terrace .........- 
Middle Falls, New 
Vorky. 2 Soe 27 
Midway Hocene .........- 
Midway group ...........- 
Midyette, A. L., Jr. .... 95 
Miguasha, Quebec .....- 
Mile End formation ..273, 275 
Miller, A. K. 12, 25 
Miller, A. K., and 
Thompson, M. L. .. 32 
Miller, B. L. ....94, 245, 248, 251 
millsapensis, Ethelo- 


Crinus! see 327 
Milwaukee dolomite -. 366 
minor, Atollites ........ 201 
minuta, Platystro- 

phia) “ee 24 272-275 

adulta, Platystro- 

phiae = 24 278, 275 
mirabilis, Plectrodus 128 


511 


miriamica, Eucithara 239 Nevada limestone ........ 366 Orton, Edward .......... 105 phiai ee 276 
Mississippian .............. 345,346 Newberry, J. S. .........- 105,114 Orygoceras = 24 Perradii ... 177, 182 
mississippiensis, Ficus 21 237 newberryi, Ohiolepis 9,14107 Oslo area ....... thi aay Perry pla ee 93 
Missouri series -........... 344 108,135,186 Osteichthyes ... ....106,141 perundatus, Plaxo- 
Mitroceras ....... a 366 New Idria, California 429 Osteochthyes .............. 106, 141 Crinus ee 334, 335 
Mixochoanites Newtonsville, Ohio .... Some Osteolepisyescese ees 141 perversus, Fulgur ......243, 244 
moira, Platystrophia 24 275 newton-winchelli, Pilo- Osteostraci - = LOb palsies seetersen, Cee as 400 
molestus, Plectodis- GONAS) (-ccc-coteseeeencs 20 Ostracodermi . lb 12 ePeterseny Gane 399 
Cust 63,68,69 New York State Mu- Osthean =.= 407,430 Petite Riviére-du- 
montforti, Busycon .... 244 seum ...... 363, 380, 382,383  Otoporpae _.. k 205 OUP ee 26 257, 307, 308 
Montmorency Falls .... 367 New Zealand .............. ANT AS20 Ottawamivlviernmeesc se oe 47,271 petrosa, Athleta ....21 238, 240 
IMOTIET Caller tee ace 271,272 Nixons Landing, South Otterville lime- Peyitoia eee 195,198 
274, 275 Carolina, == 295 stone ...... 323, 326, 332,333 Philemon Island, Que- 
Montreal formation .. Zi SieNOG OSA ayes eee 136 (Owens Ohione = 1 DEG). 5- eee eee 280 
Moore Haven, Florida 291,292 North Umpqua River 419 Oxygonioceras 5 iPhoepodusmeee eee 105, 107 
IWOORe Wilts Ca seccscecenceeuce 340) (Nostolepis) 2: 2ecrees----- LOSe Ozarkianee tee te 133, 138 
Moore, R. C., and noveboracum, Nanno .. 1,8 32 Phragmoceratites ...... 368 
Plummer, F’. B. ....824,340 Nucleus ................ 226, 228, 232 phriknos, Urosalpinx 297 
Mooreocrinus ...........-.- Nunda formation ........ 63 P phyllidis, Eucithara .. 239 
moreae, Bassaenia ...... INyibyoCeras) -.cscsce--cnee 9,41, 45 Phylogeny ene 225 
Lorenzinia ..... 2s Pachendoceras ............ ibe ehysaliaee = 63 
Moreyella ........ 0 pacifica, Veneri- Physophorida . 63 
Mosely, Fred T. cardiay 2. 403,423,444 Picton, Ontario .. 280 
Morrow age .... obesus, Plaxocrinus .. 335  Pacificor ....899-404, 408  Piloceras ...... 5 20 
Morrow series ... oe obliquatum, Naedy- 409, 411-434  Piloceratidae . se: 20 
Mount Diablo, Cali- COMAS) pcccee- es 366 Palaeomylus .......... 12 107,132 Piloceroids ..... te 20545 
FOL Aye ee ee 437 Mrochoceras|e=s—- (4; Palaeoneilo -......-.---.--- 68 pilsbryi, Ficus 3 21 
Moy-Thomas, J. A. .... 109 occidentalis, Cocco- Palaeonisciformes  .... 106 Weuroactisu esses ee 442 
IMuinoceras) 2 365 StCUS |e .2-1 sees ISO Palacosciay eee 61, 82, 85 Venericardia ....403, 442, 444 
Muller, Siemon W. .... 399 Odontophores se 239 Palaeosemaeostoma .. 194 pirum, Fulgur ............ 243 
mulleri, Pacificor ..40408,411 Oehlertella -.. = 69 Palaeospondyloidea .... OG REI SCes ieee ee : 112 
413,415,420 QOhioaspis .................... 107,113 Palmer, Katherine ....163, 246 221055 118 
Venericardia  .......... .40 409 ohioensis, Plectro- 248, 289,307 planicosta, Cardita -...400, 427 
411, 414 (0 [fees eer nae 8.10107 Pamlico formation .... 95 Venericardia _...400, 402, 425 
multicameratum, Tar- Obhiolepisy 2. ee 105,107 pandion, Trochereras 366 439, 448, 450 
Mhycerasie se 19 136,139 Panhandle Plains Wenericor -..2 400, 402 
Multicameroceras ...... 14 Oil Canyon, California 410 MUSEUM ee 174,186 planulatum, Busy- 
multidentatus, Plec- Oil City, California -... 423 Panoche Creek, Cali- COngeas 25 290, 291, 299 
iROCUS i eee 8,12 107,128 oklahoma, Ulrichi- forniay...<-- eee 414,436 plattsburgensis, 
multitubulatum, Vag- CTU S eee eee eesees 345,347 Panoche Hills, Cali- Ethelocrinus ........ 328 
iNOCCraA see ee 37  oklahomensis, Ethelo- LOrniaies ee 442,455 Platyodon .......... : 133 
Murchison, R. I. ........ 128 GQINUSeeesee see eeee 327 Panoche Quadrangle, Platystrophia ..270-277 
Miumrexses et eee ss OSie @lentian eyes --- ee 104 Californias 414,420 Plaxocrinus 323, 333 
Museum of Compara- Olentangy River, Ohio 110 436,455 ‘“Plectoceras” ae 19 
tive Zoology .......- 381 Olentangy shale ........ 104,140 pantheon, Pegantha .. 205 Plectodiscus ........61, 63, 68, 73 
Myogramma ..........--.--- 195 Olequa, Washington ..427,434 papillosa, Fasciolaria 238 250 Plectrodus = 128 
OU ae cao eee ee 233 253, 254, 257,299  Plectronoceras ....10, 13, 21, 45 
N ollicuaeformis, Lecy- papyratia, Ficus ........ 21 237 Plectronoceratidae .... 6,8,13 
thiocrinus eee 339 Paquette Rapids ........ 47, 271 46, 48 
Nacimiento River, Olsson; An -...---£400,402 Paradelocrinus) <2... 323,324  Pleuracanthid .............. 133 
Galiforniay) —.....-..-- 433 Omaha, Nebraska ...... 344 Parinas formation ...... 451 Pleuracanthidian 
Naedyceras ..364, 366,371,380 Oncoceratidae -.......... 366 parinensis, Veneri- teethi cases =e 
nanaplata, Veneri- Onondaga limestone -..364, 376 Cardiaw- see 404, 451-453 Pleuracanthodii E 
Cardiape =. AOZNA0 Sue Ontario neces ee 271 ~parinodosarius, Delo- Pleuropterygii 
Nanno .-32, 34, 35,47 Ontogenetic stages .... 225 cninuse 336 © plicatum, Actino- 
Naples .... : as 380)5 Onychocerasime- = Paris Basin 439 mobo yell eeceeeeceer aces 195 
Narcomedusae .... Onychodontidae i Parker, T. J., and Plicitusus) 242, 254, 255 
natchitoches, Veneri- Onychodus .......... 105, 108, 141 Haswell, W. A. ........ 189, 192 257, 289 
CATCT Ayers sree Onychodus scales ...... 140 Paropsonema ...... SS iLSoason ee Plum menieh snes 174 
INathorsts Ac Ge c-scsce= 84>) @Qonoceras) 2 ecce-ee 366,367 Parulocrinus .............. 327,344 Pneumatocyst ............ psmees 
nathorsti, Peytoia .... oppletum, Stereo- parviusculus, Malaio- Pneumatophore ..63, 78, 75, 79 
INE So eee = toceras <2. 34, 35, 36 363 crinus : Soom LOlyColpame= ee 192, 205 
Natural Well, N. C. .... 94, 244 BO Ouse Suns IPathenan Wieeeeeeee 112,113 Polydesmia 6,9, 11, 14 
248 Vaginoceras .......... 2,3 23,37 paucicostata, Fusinus 234, 292 38, 39, 48 
INGUICTALC Ree eee OmeOralwarchiees == < 112. paucidens, Glypto- ponderosus, Delo- 
Nautilacea .... ee 8 Ordo militaris 109 lepise ee 142 CUINUSMe ee 32 340, 341 
Nautiloidea .......... 7,20,49,363 oregonensis, Pacifi- Pawpaw formation ....173,185 Popenoe, W. P. .........- 399 
nautiloides, Ortho- COGp ee 48 404, 413, 419 186 popenoei, Leuro- 
ceratites 369 Venericardia -..... ASLO 45419) NPeCtIS} neces. eee 190 ACLS et eel 61 444, 456 
Nautilus 42 Organigenus| 109 pectuncularis, Ven- Venericardia ...61 455, 456 
Orient, Mlonidajess 292 ericardia Porpaliay eee 84 
Candles ee 402 orion, Naedyceras ~_.... 366 Pegantha ........ ve POLDeCM awe eee 84 
Negritos formation .... 402 ornata, Holmesella -_.. 1338 Pelecyora -.... on a Porpitay = 62, 71, 78, 84 
Nekrophages ...............- 105 ornatus, Alcimo- Pelseneer, P. Porpitidaewe.--sse 63, 81, 82 
nelsoni, Pacificor -...41,42 404 Chins yee ees 33 345,346 Pennsylvanian ....133,323-339 porrectus, Fusinus .... 292 
413, 415 Cyrtoceratites ........ 367 346 Port Crescent, Wash- 
Venericardia .......... 41,42 404 Orthoceras ......... .s. 370  peridous, Ethelo- TUa=qKONTL cpeoseeeeserseene 445 
413,415,432 Orthoceratidae ath 21 Chin see 30 323,331 Portuguese-men-of- 
Nephriticeras .............. 370,380 Orthoceros ......... a 368 Perimestocrinus ........ 336 War) set eee 63 
IN@ ri tin aycece eee ee 233  Orthochoanites 8,9  perplana, Platystro- Potamidesweee eee 407, 430 


potapacoensis, Ven- 


OriGanGiay epen--s---s= 447 
praecox, Platystro- 

phial)s2- eee 24 278 
praeposterum, Bath- 

MOCeras) 2es-s 38, 39 
precedens, Platystro- 

hia) (545 See 274, 275 
precursor, Platystro- 

Dae eee eens 280 
Priest Valley Quad- 

TANS Clee ee 430 
primaevus, Gyracan- 

CHUSMEe ee 130 
Primitive endocero- 

1d CA gece soece eee 25 
princeps, Medusina .... 194 

Protolyellia 197 
priscus, Phoebodus -... 139 
Problematica ...........- 61,173 
Prodissoconch ........-.-- 227 
propeincile, Busy- 

CONN ees 247 
propinquus, Colus -..... 239 
Protacrodus <-...----------. 133 
proteiforme, Endo- 

GCeTAS i mecestoseereee: 23, 33, 36 
Proterocameroceras 10, 11,17 

23, 25-28, 44 
Protitanichthys 
Protoconeh ies saa 
Protocycloceras ......--- 
Protolyellia -.--.-.-.--.-.-- 
prototypus, Cladodus 133 
prunella, Porpalia ... 5 84 
Psammosteus .......-.----- 114 
pseudodiaphragms .... 6 
Pseudorthoceras -......- 42 
Pseudorthoceratidae - 9 
Ptenoceras! -2-ce---e------ 365 
Ptychogastria -... _... 190-193 
Ptychogastriidae -....... 175, 189 
Ptytodontid cranial 

POVNAGYS| wep pecereeetececcces 132 

Ptyctodontida - 
Ptyctodus = 107095 13 
Ptyssoceras .........------- 365 
Pumpkin Creek for- 

Maton) | ees... 328, 325, 329- 

331, 334-338, 340 
Pungo River, N. C. -..- 95 
VEARVOOEUEEY, eAncecececececeresdee: 231 
pustulosus, Acantho- 

Mepis) He-2e-c-s-coee eee 10 114 
putens, Plaxocrinus .. 31 321 

323, 335 
Pyenoceras .....-..---------- 19 
Pycnosteus ........ 112 


pyrum, Busycon 22, 25 243 
247, 248, 257, 290 
291, 292, 299 


pyrus, Sycotypus -....... 244 
Q 
quadrata, Holmesella 119 
quadrumana .............--- 110 
Quebec*s= 3-22 270, 271, 273 
R 
RachislOssaysessss-e--=-2- 232 
racovitzae, Halicreas 199 
Radial canals - 175 
Radiata. <.. sees. 199 
radiata, Astylo- 
SDOM Pay ieee eee eee 84, 197 
Medusina ch 194 
radiatus, Medusites .... 84 
Rafinesquina .............- 280 
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rapheidolabis, Macro- 


petalichthys —...... 14 132 
rapum, Busycon ....25 290, 299 
Rataria 
Ratarula Sie. - 
Raymond yy Pao ee ne 271, 272 
Reef Ridge sheet, 

California) -----1-+--- 456 
Reeside, J. B. ..... coke 174 
regia, Venericardia ....402, 441 
regularis, Platystro- 

DH lagen... Se 272 
regulatus, Paradelo- 

erinus ......-.-- 29, 30 323, 325 
Reimann, I. G. ~-.2.2-...- 363 
UGTA Cate eater eons 201 
reversata, Platystro- 

phia, .cSS eee 278 
Rhadinoceratidae ...... 364 
Rhenanida ............. pare 106 
Rhipidistia -.... -106, 141 
Rhizostomes --2-189, 191, 
Rhizostomites  ...183, 192, 204 
rhomboidea, Fascio- 

daria, 28-22... 254 
Rhopaloneminae oes 199 
Rhynchodus ........ , 10, 18 107 

131, 132 
Richardsyebl) Gaye. 95 
Richfield, Nebraska . 344 


Ring-groove 
Riviére-du-Loup 


Riviere des Prairies . 27 

Riviére-du-Sud....251, 307, 309 
Robsonoceras ...... 27,28 14, 15 
Rocky Branch 


bone bed .............. 103 
Rogers, W. B. .. 254 
Rohony ae 113 
IROnTER WAS | Ss cee coeeceeee 363 
Romer, A. S., 

Grove, Bi eae 118 
Rose Canyon, Cali- 

OTN aye eee 418 
Roseburg, Oregon ...... 421 
Roseburg Quad- 

rangle, Oregon ....419, 448 
Rosemont member ...... 277, 278 
rotunda, Veneri- 

Cardia see 432 


Rowland, Helen T. .... 289-291 


Rowland, Richards A. 289 
ROY iS) Ke eke ee 270 
Ruedemann, R. ....7, 21, 28, 34 
62, 83, 188 

ruedemanni, Actino- 
Cerass 25-28 3 39 
rugosum, Busycon ...... 99 247 


249, 257, 290 


rutila, Fascio- 


arias qt Se 
RUtOCeTAas! fees ce-e 
Rutoceratidae A 
Rutschy (Ry eee 402, 405 

s 

Sactoceratidae ............ 10, 21 
Sactorthoceras ...........- 45 
St. Francois Mont- 

UST, ees 27, 28, 255 


307, 309, 355 
St. Mary’s River, 


Maryland! -2ecs.se ee 246 
St. Maurice, Louisiana 239 
St. Vincent de Paul .... 275 
salmo, Fasciolaria ....250, 251 
Salterelilay seat es 10 


San Benito County, 


California Ses 430 
San Carlos Creek, 
Cahiforniay es 430 


San Clemente Can- 
yon, California ....418, 437 
San Diego County, 


California //22t22=: 418, 437 
San Luis Obispo 

County Califor- 

HOWE: haiti 2 eae 433 
sandiegoensis, Car- 

Gita) 228" Sees 434 
Sandusky, Ohio .......... 132 
Sanibel, Florida ........ 163, 164 
Santa Barbara County 434 
Santa Inez Moun- 

tains! .2eseee ee... 434 
Santa Susana shale .... 421 
sayana, Athleta 
Scaphellay, <ccccc-cccco est 
schencki, Leuro- 

ACUIS: cise-eeceeee 43 443, 444 

Venericardia ........ 43 403, 444 
445, 459 

Schevill, W. E. ........- 363 
Schindewolf, O. H. 8,194 
Schistochoanites ........ 12 
Schlotheim, E. F. ........ 369 


Schoharie grit ....364, 366, 382 
Schoharie, New York 375, 382 
Schuchert, C., and 


Cooper! AL 271, 272 
Schuppchen ....... : 133 
Scioto River .. 110 
Scioto quarry 108 


sciotoensis, Acan- 


thoides 8 107, 120, 126 
Seott; Gaylel xc. 174 
Scyphomedusae . ... 81,188 
Scyphoz0a,—.---= 189, 191, 197 
secans, Rhynchodus .. 18 132 
seeleyi, Clitendoceras 27 

Tarphyceras 
Selachiii eS 3-s3 
Semaeostomeae 
semistriata leura, 

Fasciolaria 250 
Seneca Co., Ohio 111 
Senecan series ............ 63 
Septal necks ..............-. 16 
sera, Platystro- 

Sab [sheer bw ceseB ca 24 276, 277 
Sespe Gorge, Cali- 

LORMI alesse yee 457 
Seward Peninsula ...... 6,2 
sewardense, “Plecto- 

ceras” 19 
Shagreen ......... 133 
Sherborn, C. Dit 370 
Sherman Fall for- 

TQAEL OT eee 276 
sigmoides, Armen- 

TEL (), ee eee 74 


Onychodus .......- 9,10, 14 107 
109, 136, 141 
Silver Creek, Cali- 


fornia se 414, 420, 436 
Simi Hills, Cali- 

FORMA eee 442, 444 
Simi Peak, California 444 
Simi Valley, Cali- 

ROPE essen abeerecteece 423 


simiana, Venericardia 43 402 
410, 441, 445 


Venericor ... 43 441 


Simpson, G. G. 401 
Sinclair Gaiwiess-s-- 83, 368 
Some species of 
Platystrophia 


from the Trenton 


of Ontario and 


Quebec... ee 
Sinistrall (eee esse 
Sinoeremoceras 
Sinusigera apex ........ 231 
Siphon 
Siphonalia 
Siphonalia sutteren- 

SIS) ZONC aaccecse-cesaces 447, 452 
Siphonophora ............ 61, 63, 71 
Siphuncle wall —........ alr 
Sir George Williams 271 
smileyi, Leuroactis ... 49 409 

444, 449 
Venericardia ...........- 49 409 
444, 449 
Smith, Burnett -... 93,118, 128 
226, 227 
Smith, Burnett 
Observations on 

Gastropod proto- 

conchs, Parts I 

Call Bere Be 161 

Observations on 
Gastropod proto- 
conchs, Part III .-. 285 
Some protoconchs 

in Busycon and 

Urosalpinx: 285 
Two abnormal 

Busycon shells .... 91 
Two marine Quater- 

nary localities —.... 303 
Two spine rows in 

a Florida Busy- 

con contrarium .... 161 
Smith, Ethel Ostran- 

der. 3 aes 225, 289, 307 
Smith; Herrick =. 31 
Smith) M. ees ees 93 
Smith’s Basin, New 

WOT kK eee 27 
Snake Hill fossils -..... 83 
Solnhofen, Bavaria _..183, 193 

200 
Solnhofen beds ............ 70 
sophiae, Phoebodus .... 139 
Sowerby, G. B.. ...\...... 367 
Spatangopsis -............. 196 
spatulatus, Cocco- 

SteUSmeereee. 10, 14 107, 130 

Wien athusy eevee 130 
Lispognathus -......... 130 
speciosissimum, Myo- 

SrammMa ese 195 
speciosum, Myo- 

ST AMIN ae eee 195 
sphaeri, Ethelo- 

CEINUSaee eee 29 323, 328 
spirans velella, 

Vellela 


Spirifer — 
Stafford limestone -..... 364, 376 


Stainbrook, M. A. ........ 174 
Stanford University - 400 
Stanton limestone 
fOTMAtONy.--s- ee 345 
Stauffer, A. C. -. ...118, 128 
stearnsii, Conus .... 21 238 
Stegoselachians -. 114 
Stegoselachii _...... 106 
Steininger, J. -.. 369 
Stenosiphonata _. 7,14 
Stensio, BE. A. ..... 113 
Stenzel, EL BB. 174 


Stereotoceras ...... 363, 365-367 


Steroplasmocera- 
tidag: 2 kh eee 8,9, 21 
370-382 
Stetsony ike Grp eeees 118 


SUC Wart. eh ccc ee 405 
stewartae, Ohio- 

lepisites..cc 9 107, 135, 137 
stewarti, Veneri- 

Cardia 404 
Stillwater Creek, 

Washington .......... 426 
Stomach lobes ..... = 175 
Stone Quarry beds ..... 106 
Stonelick Creek .... 83 
Strand . 44 
Strebel, H. -... ..-250, 253 
Strimple, H. L. ............ 319, 327 

341, 346 
Studies of Carboni- 
ferous Crinoids .... 319 
Pt. I. A group of 

Pennsylvanian 

crinoids from the 

Ardmore Basin .... 323 

Pt. II. Delocrinoids 

of the Brownville 

formation of Okla- 

OTE Beste eee eer 340 

Pt. III. Description 

of two new Cro- 

myocrinus from 

the Pennsylvan- 

ian of Nebraska .. 342 

Pt. IV. On new spe- 

cies of Alcimo- 

crinus and Ul- 

richicrinus from 

the Fayetteville 

formation of Ok- 

evo aiyeeereessonse-- eee 345 
Strimple, Melba .......... 340 
Strohm, Oklahoma ....340, 341 
SU d Or Hp Vivesstese ose = =< 174, 186 
SbUmaAMyakeressts neon e=-cns 292 
Suborthochoanitic ...... 9 
Subumbrella ................ 178 
subventricosus, 

Archiacoceras ...... 369 
Suecoceras ...............--- 36,47 
sundaicus, Malaio- 

CRINM Serene eee 338 
superbus, Lophosteus 142 
susanaensis, Pacifi- 

COn nae 44 404, 413, 416 


Venericardia _.... 44 404, 416 
sutterensis, Siphon- 


aligge eee 447, 452 
Swinnerton, H. H. -... 242 
SVICOCY DUS) eee ceere ean ene 244, 247 
Symphysial teeth ........ 141 

T 
MaenioSlOssay ass... 231 


talara, Venericardia ..403, 432 
taliaferroi, Pacifi- 


COT es 409, 414, 432 

Venericardia ..... 40 409, 432 

MAarDHYCeCLas) s.c--2-----25 ally Alef, alt) 

27, 33, 46 

Tarphyceratidae .-......... 6, 5,19 

22,45 

Meiehert Cs = 5, 37, 367, 368 
Teichert, C., and 

Miller, A. K. ........ 368 


teicherti, Geisono- 
ceras 
Tejon formation . 
tentaculocyst ..... oes 
Tessaraspis\e 2 se. se 
tessellata, Atelea- 
spis -. 
tesserae) ces ee 
Tetrabranchiata -_........ 
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Tetranodoceras 365, 380 
Tetreauville 271 
texana, Kirklandia ..16, 17,18 

19, 20 173, 175, 178 


180, 205 

INodosariayee css 186 

thanatocoenotic - 105 

Thearoceras . 365 

Mhelodu's) ese ee 105, 118 

Thorson (Gye 239, 241, 252 
Ticonderoga, New 

Work). Ree ee 25, 27 
Tillys Lake, South 

Carolina 246 
Titanichthys 141 
Tomlinson, C. W. ........ 323 
Tongue Point, Wash- 

ATT COM Geese 445 
MoretiwOs Ma ner ee 197 
torleyi, Carbactino- 

Cerasi-- 8 
Toufongian 45 
trabeatus, Levifusus .. 235 
mrachyling ss 173-175, 190 
Trachymedusae .......... 175, 199 
Trachynemidae -........... 199 
transversaria, Pacifi- 

Cole 41 406, 413, 439 

Venericardia ............ 41 403 


406, 410, 431 
trapezium, Fascio- 


laniag es. aS 250 
Traquair, R. H. as 113 
Trenton Hull forma- 

ELON Eee ee ne eee 271 
trentonensis, Platy- 

Strophiaye 24 272,276 

278, 280 
Trentonensis perplana, 

Platystrophia —.... 276 
Trenton limestone ...... 23 
Trenton Ordovician .... 271 
trigonobrachius, Lep- 

tobrachites’ .......... 206 
Triphora 231 
Mmrochocenaseece ee 365, 366 
Trochoceroids z 365 
Trocholites ...... = 19 
Trocholitidae! =--------—- 19 
Troedssonellidae .... 21, 24 
trossulus, Urosal- 

pinx ®» 298, 299 
Tey ON Grs WWW AN oe caccencceres 93, 254 
tulipa, Fasciolaria .... 23 249- 

254, 257, 297 
Tully pyrite bed _......... 139 


tumulosus, Ohio- 


aspis -....8,11 107, 113, 116 
Plaxocrinus ........ 29 323, 334 
Abavbel ayoy owl ee ee 231 
turneri, Pacificor E2 431 
Venericardia ............ 412, 431 
turriculus, Fusinus .... 292 
TOGO eeeeeere, oeeea eee rors 
Turridae . 
Turrilites 
turrita, Loxotrema -...407, 430 
urn cell a eee eee eee 447 


turritus (tumulosus) 
Ohioaspis ..8 107, 115, 116 


Twenhofel, W. H. ...... 272 
Tyee formation .... 423, 
Tylorthoceras -............ 365 


typicus (tumulosus), 
Ohioaspis ..8 107,115, 116 


U 


Ulocrinus 
Uilisi chy tAv econ ceseee 


Ulrich, E, O., and 


Foerste, A. ........ tperalit al! 
Ulrichicrinus . ss 347 
Ulsteriante---.. St 103 
Umpqua formation ....419, 421 

423, 448, 451 
Umpqua River, Ore- 
OTD) «eee ec cce 448 
Umpqua Valley, Ore- 

OU ace eee- cosecenet ane 451 
undatum, Buccinum _ 241 
“unicostata”, Platy- 

strophiaye 274 
uniplicata, Platystro- 

phia, <2 274, 275 
United States Geo- 

logical Survey .... 400 
United States Na- 

tional Museum ....324-339 

363, 374 
University of Cincin- 

TAY Ut anor pre ah Ae 62 
urnaeformis, Lecy- 

thiocrinusiyes 339 
Urosalpinx —__..2..-- 289, 290, 297 
uxoris, Platystrophia 24 277 

y 
Vader, Washington ....426, 427 


Vaginocerasg ....15, 23, 32, 37, 41 
Valeour, New York ..16, 18, 28 
400 


Valentine, W. W. .......- 
validum, Gyronaedy- 
ceras 
vallecitosensis, Mega- 
cardita 
PAC COTM ss 
Venericardia 


Venericor 
Valleville, Quebec 
Van" Nanre Dros.) 64 
variabilis, Ethelo- 

crinus ...... 29 323, 332, 333 
Welellateers. cc: 61, 71, 74-79 
velella, Velella ... frontispiece 


(als 

Welellidae, 2 mene es-, 61, 63, 77 
Velum 

Venericardia ................ 399-457 

Wenenicor 222 399-404-409 

411, 439, 449 

Venice; Obio =... note 


Ventrosiphonata -..8, 37, 46, 48 
Ventura County, 

California ~.... 415, 416, 423 
426, 457 

venturensis, Veneri- 
Cardiays se 42,43 402,404 
415, 431, 432, 439 
Venericor ...... 42,48 404, 439 


VISTI S ete see ne cote weer 410 

venustuloides, Helo- 
epis'- 22 ae 8 107,120 
121, 125 


venustus, Cheiracan- 

thoides ...... 8 107, 120, 121 
Verastegui, Pedro 

The Pelecypod 

genus Venericar- 

dia in the Paleo- 

cene and Hocene 

of Western 


North America .... 399 
vetustum, Stereoto- 
Cerasy eee 364, 371, 380 
vetustus, Naedyceras .. 380 
Nauti 380 


Vickers Hot Springs, 


California ............ 417 
Vicksburg Oligocene .. 237 
Victoria Memorial 

Muse wm) 2eeeeee eee 376, 378 
Virgil seriess. 341 


vokesi, Leuroactis 58 407, 409 


444, 455 

Venericardia ............ 53 407 
409, 454, 455 

Volborthella ................ 10 
Voluta 233 
Volutilithes) = 226 
Molutopsisn eae 240 
Volutospinayes 240 
vulgatus, Delocrinus .. 340 


WwW 


Wabaunsee group ...... 341, 342 
Waccamaw Pliocene ..245, 248 
251, 290, 295 


waccamawensis, 

Conus! 21 238 
wacoensis, Kingena .... 185 
Wagner, Frances 

Ub ed ie sacein ee oon 399 
Walcott, Capes eee 61, 70, 83 

185-187, 195 
Walcottoceras ............ 15 
Walpole township, 

Ontarion = 376 
waltonensis, Fusinus .. 293 
waltonia, Hesperi- 

sternial 2 296 
Wangaloan stage . 411 
Wanwanian ..... 13, 45 
Wanwanoceras .. 13 
Washburn, A. L, . s 307 
Washita series ............ 173, 185 
watanabei, Polydes- 

Migy ae ee ee ee db 39 
Watertown, New 

Yorkies 41, 280 
Watkins Glen-Cata- 

tonk. maps 69 
Watkins, W. T. ....174, 184, 185 

186, 323, 325 


Watkinsi, Ethelo- 
Crinum 31 323, 326-328 


Watsons Ds Visa 109 
Watson, R. B. 226 
Weaver, Charles E. .... 426 
weaveri, Pacificor ...... 60 409 
413, 425 

Venericardia ............ 60 409 
413, 425 

Weellsie de aWa eee 368, 368 


Fish remains from 
the middle Dev- 
onian bone beds 
of the Cincinnati 
Arch region .......... 99 


Weno formation ........ 185, 186 
Wernsdorfer schich- 
ten, Carpathia .... 201 


West Texas State 
Teachers College, 
Canyon Texas ...... 174, 186 


wewoka formation .... 336 
Whitcomb, L., and 
Richards, H. G. .... 255 
Wilcox formation ...... 402,451 
Wildungen beds .......... 106 
wildungensis, Clado- 
QU Ss (ce. ee eee ee 133,135 
Protacrodus 133 
Williamsella _. 133 
Wilson, Druid ..... 289 
Winchester, Helen ...... 225 
Wanton, iW Mey see. 185 
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wisconsiense, Gyron- 


aedyceras ............-- 366 
Wissenbachia .........-.... 366, 367 
Wolf Hill, New York .. 375 
WiOlUnpIan: ..222--225 45 
Wolungoceratidae ...... 21, 24 
Woodring, W. P. ......-- 228, 250 
Woods Bluff, Ala- 

amare. 2c eee 239 
Wiriehts Ue cee ees 346 

x 
Xaiphosurayseeeeee 186 
Y 
Yorktown Miocene ....249, 296 

298 
Yorktown, Virginia ....247, 249 
Z 


Zawoisky, Walter ...... 400, 404 


zitteli, Atollites 
TOrenzinia) seees----ese--- 


END OF VOLUME III 
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